
Navy Personnel Research and Development Center
San Diego, California 92152-7250 TR-93-6 June 1993

AD-A266 344

IJil ill

What Works in Adult Instruction:

The Management, Design and Delivery
of Instruction

William E. Montague
Frederick G. Knirk

9U "A 993~

93-14732 L

Approved for public release; distnbution is unlimited.



IULAIMII NOTICE

THIS DOCUMENT IS BEST

QUALITY AVAILABLE. THE COPY

FURNISHED TO DTIC CONTAINED

A SIGNIFICANT NUMBER OF

PAGES WHICH DO NOT

REPRODUCE LEGIBLY.



NPRDC-TR-93-6 June 1993

What Works in Adult Instruction: The Management, Design and
Delivery of Instruction

William E. Montague
Navy Personnel Research and Development Center

Frederick G. Knirk
University of Southern California

Los Angeles, California 90089-0(X)2

Reviewed and approved by
J. C. McLachlan

Released by
John D. McAfee

Captain, U. S. Navy
Commanding Officer

and
Richard C. Sorenson

Technical Director (Acting)

Approved for public release;
distribution is unlimited.

Navy Personnel Research and Development Center
San Diego, California 92152-7250



REPORT DOCUMENTATION PAGE ! Mo,,Vo'. 0704018

Public reporting burden for this collection ot information is es•Imated to average 1 hour per response, including the tiffe lot reviewing instructions searching existing data
sources, gathering and maintaining the data needed, and corpleting and reviewng the cotledclon et information Send cornments regarding this burden estimate or any othet
aspect of this collection of inlormation, including suggestions tor reducing this burden, to Washington Headquarters Services Directorate lot Inlorrmation Cerations an"
Reports, 1215 Jefferson Davis Highway. Suite 1204, Arlington. VA 22202-4302. and to the Office of Management and Budget, Paperwori Reduction Prof.e (0704-0186,
Washington, DC 20503

1, AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATE COVERED
I June 1993 minal--It)3

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
What Works in Adult Instruction: The Management. Design and D)elivery of Programn Element: 0602936N
Instruction Work Unit: (06021)36N.RV36127.14

6. AUTHOR(S)
William E. Montague, Frederick Oy. Knirk

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Navy Personnel Resewarch and Development Center REPORT NUMBER
San Diego, California 92152-7250 NPRDC-TR-93-6

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING

Office of Naval Research AGENCY REPORT NUMBER
800 North Quincy Street International Journal of I-kucational
Alexandria. VA 22217-500() Research. Vol. 19. No. 4. pp.327-443

11. SUPPLEMENTARY NOTES
Functional Area: Training
Product Line: Schoolhouse Training
Effort: Independent Exploratory Development

12a, DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Approved for public release: distribution is unlimited. A

13. ABSTRACT (Maximum 200 words)

This report, a reprint of a special issue of the International Journal of Educational Research, is to provide summaries of
research results for people who must design and deliver instruction. In the international industrial and military training
community these individuals are mostly subject matter specialists not extensively versed in educational research. Thus, it is
important for them to have sources of understandable, accurate and reliable information about -what work.s'" in educating and
training young adults. The basic assumption we make is that this information can be useful for instructional decisions and
improve instruction. Individuals involved in instructional administration, design, or delivery can benefit from concise
descriptions of factors that consistently improve student learning: What works. This document is meant to provide
recommendations in an easily comprehensible form as a guide for instructional practice, evaluation, to help planning and policy
making.

14. SUBJECT TERMS 15, NUMBER OF PAGES
Training, instruction, student learning, instructional practice 121

16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
IJNCLASSIFIE|I) T INCLASSIFII-ED I JT-'I.ASS1F1I-lD 1 ,NI .IM 111I)

NSN 7540•14-290-550A Standard Form 298 (Rev. 2-89)

Prescrnbed by ANSI Sid Z39-18
298-102



Foreword

This research and development paper is part of a continuing effort at the Navy Personnel
Research and Development Center (NAVPERSRANDCEN) to provide information developed
under research programs in a form useable by Navy personnel. It was completed under
Independent Exploratory Development Work Unit 0602936N.RV36127.14 sponsored by the
Technical Director of NAVPERSRANDCEN with funding from the Chief of Naval Research.

The objective of this work unit was to review and synthesize evidence from research on
instruction and learning, to derive recommendations that may be appropriate to guide instructional
practice in the Navy training system, and provide a document to be used as a resource for managers
of training, for instructors, and for those who design and develop training.

The first document resulting from this work was published as NAVEDTRA 115-1 in
September 1988. This version of the report was written during the last quarter of 1992, and was
published as a Special Issue of the International Journal of Educational Research. It is being
reprinted by NAVPERSRANDCEN for wider military distribution.

JOHN D. McAFEE RICHARD C. SORENSON
Captain, U.S. Navy Technical Director (Acting)
Commanding Officer
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PREFACE

RICHARD C. SORENSON* and HERBERT J. WALBERG±

\Nav Personnel Research and Development Center. San Diego. CA. U,S.A,
. University of Illinois at Chicago. IL. U.S.A.

This summary of research findings about instruction and learning, provides practical help
to individuals serving different roles in training and education. It represents a synthesis
of the best available recommendations about instruction.

The training enterprise is large and costly. The investment of resources for training
adults worldwide is significant. In the U.S. alone corporations spend more than $45
billion a year on formal training programs ranging from basic skills training to
management training. This represents a 50% increase in five years (Tompson,
1990). In addition, Corporations spend a great deal on informal training such as
"On-the-Job-Training." Billions more are being spent in military education and training
where the need for highly trained personnel continues to increase in spite of reductions
in the size of the Services. Complex technology requires highly trained personnel.

Over 20 million individuals participate in adult education programs in the U.S.
A General Accounting Office study of U.S. federal government training programs
indicates that the government spends $500 million each year to train approximately
one in three employees. It is estimated that individual employees will need retraining
fie or more times during their -'working lives." It is apparent that the task of developing
and maintaining the instructional system is a large undertaking. Since we invest a
large percentage of our Gross National Product in education and training, even minor
improvements in instruction can result in substantial savings. The intent of the current
effort is to improve instruction by making information about effective instructional
practices available for use.

This document is intended to serve as a resource for (1) training managers/
administrators. (2) instructional developers or designers, and (3) instructors who
are involved in adult education. The research summary statements have been
grouped together in logical categories: Analysis. Design, Development, Presentation

of instruction. Exploiting instructional technology, Evaluation and management of

329

3



R C SORENSON and H.. J. WALBERG

instruction. AN a result, the entire set of findings about adult trairing will not be t
equal interest to everyone: the protected relevant topics for each user population arc
suge"stcd by the matrix which follows the Introduction.

O\er the last decade or so thousands of research studies have attempted to tease
out which instructional techniques are most effective. Few people have the time to
become familiar with the resulting literature. Therefore. attempts have been made to
summarize the results and synthesize recommendations to guide instructional practices.
This document has that intent.

As might be expected. some instructional techniques (variables) have been found to
have a greater impact on student learning than others. The fAlosing list is derived
from a summary by Walberg (1984) and by Bloom (1984). where many' research studies
\were review~ed and combined to provide estimates of the size of the effect of different
instructional strategies. Further. they are grouped according to whether the change is
directed at the learner. teacher. materials, or home and peers. The size of the effect
for each variable is showkn in standard deviation units. It is the average effect size found
in a number of comparisons. With an effect size of 1.(0 units, the average student in
a treatment group exceeded about 84% of students in the conventional instruction
comparison group.

Table I

Percentile
ClJ,, Variable Effect size equi, alent

Learner Corrective feedback. mastery learning 10A) 84
Student time on task 10M) 84
Student participation 1.(X) 84
Improved readine/stud. 10i) 84

Materihal New curricula 0.30 62
Advanced organizers 0.20 58

Home. Peer Cooperative learning 0.80 79
Intervention at home 0.50 69
Peer group influence 0.20 58

Teacher Tutorial instruction 2.(X) '8
Reinforcement 1.20 88
Cues and explanations 1L.tMl 84
Graded homework 0.80 79
Peer tutoring 0.40 N-
Assigning homework 0.30 62
Higher order questioning 0.30 62

For contraNt Socio-economic class 0.25 60

The research on learning and instruction has things to teach us about how students
learn and therefore, about the organization of instruction and the nature of tests
that would facilitate learning. The studies attempting to identify effective instructional
variables led to the development of summaries describing "What works", intended to
provide information for people broadly concerned with the organization of instruction.
These summaries are intended as advice for implementing "good" practices in teaching,
as well as summarizing research. For example. in 1986, Secrctarv of Education W. J.
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What Works in Adult Instruction

Bennett published: WAhat works: Research about teaching and learning directed primaril1
'it parents and teachers of young children. A similar document: What works: Summary
of research findings with implications for Natv instruction and learning soon folloý,ed.
but focused on the needs of administrators, instructors and educational specialists who
instruct Navy recruits (Montague. 1988). That publication was the result of surveying
the extensive relevant research and then having the conclusions evaluated or judged by
a panel consisting of W. E. Montague (NPRDC), F. G. Knirk (University of Southern
California). J. A. Kulik (University of Michigan), M. D. Merrill (Utah State Universit% ).
J, Orlanskv (Institute for Defense Analyses), E. Rothkopf (Columbia University). T.
Sticht (Applied Behavioral & Cognitive Sciences), and H. Walberg (University of
Illinois. Chicago).

The current document focuses on adults, and is an extension and revision of the Navy
document for a broader non-Navy audience of educators and trainers who are involved
xsith adult education. It is addressed to educators involved in the delivery. management.
planning, design. and development of education and training.

A basic assumption is that instructional content and methodology decisions make a
difference. and that it is desirable to reduce training costs and improve effectiveness.
Thus, individuals involved in training administration, design or instruction, can benefit
from concise information about what research says makes a difference. What Works.
Recommendations have been made based on the robustness of support from the research
literature and the likelihood that changes can be made in teaching. They are stated in
an easily comprehensible form to guide instructional practice, evaluation. planning, and
policy making.

The information in this summary is a distillation of experience (panel of experts)
and the research in education. military training, vocational education. and business
training. We hope it is a useful distillation. We hope that instructors, training
executives/administrators, instructional developers, and supervisors are willing and
able to improve their own schools and education in general.

References

Blkom. B. (I".4). The 2-sigma problem: The search for methods of group instruction as effecttie as
one-to-one tutoring. Educational Researcher. 13, 4-16.

NMontague. W. E. (Ed., (1988). Wihat ivorks: Surnmar of research findings wt/h imphcations for .Vavi
1notria-tioti and (earntmi.. NAVEDTRA 115-1. Pensacola. FL: Chief of Naval Education and Trainine.

Tompon. B. (1990). Training salarv survey. Training.
\Walberv. H. J. (1984). Improving the productivity of America's schools. Educational Leadership. 41(8).
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INTRODUCTION

WILLIAM E. MONTAGUE* and FREDERICK G. KNIRK±

Overview of the Special Issue

The basic assumption behind this book is that current research on instruction, student
learning, and performance has important things to tell us about how students learn and
perform. Therefore. this knowledge can help with planning and organizing instruction.
testing learning performance. and managing instruction efficiently and effectively. Often.
those involved in planning instruction are unfamiliar with results from research that can
guide instructional practices. These results are scattered through many journals that are
not readily available, and articles often report results from individual studies that may
be hard to interpret and are of unknown reliability.

The purpose of this special issue is to provide summaries of research results for
people who must design and deliver instruction. In the international industrial and
military training community these individuals are mostly subject matter specialists not
extensively versed in educational research. Thus. it is important for them to have sources
of understandable. accurate and reliable information about "what works" in educating
and training young adults. The basic assumption we make is that this information can
be useful for instructional decisions and improve instruction. Individuals involved in
instructional administration, design, or delivery can benefit from concise descriptions
of factors that consistently improve student learning: What works. This document is
meant to provide recommendations in an easily comprehensible form as a guide for
instructional practice, evaluation, to help planning and policy making.

This summary of research findings began as a project to provide recommendations to
the U.S. Navv's education and training system to improve schooling, instructor training.
and manager's training. Information was distilled from research and practice specifically
geared to education and training in Navy schools. A group of expert advisors was used
to assist in selecting the entries to be useful. and important for Navy education and
training. Some of these advisors had been involved in analyzing and synthesizing research
evidence, and others were involved in administering and managing schooling.

We examined how education and training was accomplished in the Navy. and identified
three broad groups of users who play different roles in the training system. We examined

333
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plic:cs and practices to identify constraints under which the groups \ ork. Then. we
collected and re ie ed the research literature to identifN material relevant for the groups
E[intries wxere included onl\ vwhen research evidence and expert opinion suggested thc\
%\crc stable and consistent. The difficult part of the effort was to translate the research
hindines into clear and comprehensible statements that we think can be used b\ users
to guide their practices.

We de% eloped a book. Whai works: Summary of research findings with implicauon. f.,r
Noavy instruction and l'Urniiig (Montague. 1988). providing some of the most up-to-date
reference information for the three broad classes of personnel that run Navv schooling.
There are Training Executives who manage, administer, and supervise schooling at
various levels. Instructors are mostly military personnel who are assigned as part of their
job-rotation. They are briefly trained to be teachers, and are assigned as instructor-, for
short periods (up to three years). Training Specialists are the third group. They provide
educational advice and assistance to the other groups. They help with evaluation. course
materials design and development. In general. these groups may have little formal
training about instruction, instruction development, or management of instruction.
although Training Specialists are likely to have some, The same classes of personnel are
generally involved with teaching and instructional design and development in industrial
and educational organizations.

The preparation of the Navv's book was motivated by a similar document produced by
the Department of Education. That document. What works: Research about teaching and
learning (Bennett. 1986). became the most widely distributed document on instructional
research \et published. It was directed primarily at teachers and parer ts of young
children attending public schools in the United States. In the Navy document and
in the current volume, our primary concerns are the instruction of adults choosing
practical careers rather than children.

Each "findino"• was chosen in terms of the robustness of the research support, and
its appropriateness for one or more of the groups involved in schooling. The refer-rnces
cited with each finding should be viewed as representative of the research evidence or
for providing information on implementation methods. Thus, the information in this
volume is a distillation of experience and a large body of scholarly research in education,
military, and vocational education and training. It consists of discrete findings about
teaching and learning that may be broadly applicabhi in focused. adult education and
training classrooms, for instructional development and in planning how instruction will
be done in the future. In some cases the findings may simply support what is current
practice. In others. it may provide guidance to dramatically change current instruction
or planning for future instruction.

The findings are organized into categories that correspond roughly to stages in the
instructional design and development process. The use of systematic design procedures
can make instruction more effective and efficient than it traditionally has been. A
large-scale test of the effectiveness of instructional system design methods was its use
to revise the elementary and middle school education system in the Republic of Korea.
Students in the redesigned groups outperformed those in control groups in all school
subjects by about 20`!% on average (Morgan. 1989).

At the least. all models of instructional design (and there are many., Gustafson.
1981) call for analyzing what is to be learned, specifying who is to learn, devising

8



\'hjr Works in Adult Instruction

m,,tructional tncthods. and designing evaluation procedures to determine efectl'eenc,,,
and 1o pros ide checks on the process. The design models describe the process for
dCSinmng and developing instruction. The intent is to allow designers to determine
the bc,,t saxs, to implement the process. The process has considerable flexibility, and
choitcs in instruction and evaluation are left to the skill and knowledge of the designer.
Thus,. the beliels and knowledge (or lack) of designers and developers determine the

,t\ content is specified. the wav instruction and evaluation of learning is accomplished.
Since this knowledge should depend on evidence and theory from research. our intent
is to providc research-based findings and recommendations to help with the design
chOlCe•s made.

Research Findinus Seem Obvious

Mlan\ people find finding- from soc;'d. psychological, and educational research
"'oh iOusN" because they seem familiar a id to be "just common sense- knowledge. But.
%,hat is called common sense is not common practice. An examination of schoolhouse
practiCCe, reveals that the findings are not known, or go unheeded. For example, Latham

19SS) concluded that training practitioners largely ignore results from the research
literature. If the goal i,, to bring about application of practices that have been shown
to improsc etudent achie\ement. and ultimately, their job proficiency, some means
must he found to overcome such ignorance and inertia. The fact is that the feeling that
the recommendations arc ob,,ous is a common reaction. It promotes ignoring what is
knomn in fa\or of convenience or habit.

In a recent paper Gage (1991) pointed out that the feeling that a research result
is obvious common sense is untrustworthy. He described experiments where people
were iven statements to rate as obvious or unobvious. Each item either stated an
actual finding on teaching, or the opposite of the true finding. Both true and false
statements wvere rated obvious. Gage concluded that "People tend to regard as obvious
almost an\ reasonable statement made about human behavior" (Gage. 1991. p. 15).
Therefore. wc suggest that ,eneralizations from the research literature should not be
dismissed a> "-trivial" or "knovn" information. Instructional practice is often contrar\
to recommendations derived from the findings, and improvements are needed to help
increase instructional effectiveness. For example, the benefits of spaced practice have
been known to researchers for 100 years, yet spaced repetition is not a major component
of instructional programs (Druckman & Bjork, 1991). Properly applied, the information
in this vtolume will assist the process but may have to overcome resistance.

The earlier versions of What WorkF have been evaluated by examining their usefulness
for user groups. The concluding article in this issue. by Robertson and Whitehill.
indicates the degree to which What Works conclusions have been used, and are trusted.
b\ its users. It is interesting to note that respondents reported that they were already
familiar with the findings. This observation is congruent with Gage's result. We doubt
that this "'feeling of knowing" truly represents the state of their knowledge.

9



NN E MONTAGUE and F. G. KNIRK

Current Perspectives on Learning and Instruction

An ,!nderstanding of learning theory is fundamental to instructional design and
dcxelopment. It influences objectives specification. testing. curriculum materials.
cvaduation and validit., judgements. Managers. instructional specialists, instructors and
de'elopers all use a s~stems approach that encourages the close alignment of objectives.
tests and curriculum materials. The learning theory which was embedded in the systems
development approach when it was first applied to instructional development derives
from behaviorisnic learning theory which requires the sequential mastery' of constituent
skills and behax iorallv explicit testing of ea--h step in learning. This model of 'learn the
sequential .c,,ts before understanding" has been contradicted by a substantial body of
recent research in cognitive psychokogy (Shepard. 1991).

Severai problems result from using this model to develop instruction. First. it leads to
decontextualization of objectives, tests and material. The goal is to learn the declarative
knovwledec (facts. formal concepts etc.) of a particular subject matter (e.g.. physics
theory background for eizctrunics). or general computational skills (e.g.. algebra). rather
than as information to be used (tool-like) to do practical tasks (Bransford. Sherwood.
Hasselbrine. Kinzer. & Williams. 1990: Brown. Collins. & Duguid. 1989). Secondly. the
model assumes that component skills can be defined adequately, learned independentl.
and out of context. More advanced skills are learned by assembling component skills.
This leads to delaying teaching higher order skills until after prerequisite skills have
been mastered (Shepard. 1991 ). Also. this perspective leads to testing facts using various
forms of objective tests (e.g.. multiple-choice) without evidence for the correspondence
between the cogLitivc processes involved in the test and the criterion performance. In
addition. student's perspectives about learning goals are influenced by them being asked
simple questions requiring recall or recognition of facts or procedures out of context. Seldom
are they asked to describe how they would approach performing the task. which would be
a preferred wy:iv of testing their practical knowledge.

Contemporary cognitive psychological research suggests that this model is
inadequate. Studies find that things are easier to learn if they are learned in a
context of use. when they make sense to the student. Learning is characterized
by students taking in information, interpreting it. relating it to what thtey know
alrcadv and when necessary, reorganizing their cognitive structures to accommodate
ness understanding. Students construct and reconstruct mental models or schemata
that organize their ide';s and inter-relationships. The situation in which knowledge
is developed and used is not ancillary to learning or separable from it. It is an
integral part of learning and cognition (Brown el al., 1989). Thus, we recognize that
learning requires a high level of activity from the learner. This needs to be supported
by good teaching. Siuational represetitations need to be devised that provide the
context for us(.. R. Glaser portrayed how instruction should be organized to ensure
learner activity:

-When schema knowledec is Niewed as a set of theories, it becomes a prime target for
instruction. \xc can ucs'. a schema as a pedagogical mental structure, one that enables

Icarnini bh facilitatine rnemorý retrlc al and the learner', capacity to make inference,
On the basi, ot current knm-ledge. Whcn dealing ,Aiith indiriduals who lack adequale
knoksledge oreani oatlf, se musit pro.ide a hb.ýiglmng knowledge structure. This mireht tic
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i~: i 1, p lr '~dimii o~r cm ginii.itioniji scheme, or hý teau.hing lc nipor.arN nuoJci
,:,Oto'id, 1"T flc% ifflofill,0i1x1 Ih~CC ICTrnPorJr 1`11detv M jCdamiV L..I

li ic jl~cd IKuni are retwuirkl 'Ac' 'd hI) intenious tcthicrs Such striuourc',. %4hcn lhc%
j,ir A. nicrr 'cIitcd. 111,tnitJ1Vd. or~ lkificd. help *irlxinize neA kniiv. cdic aind Ofi~l bj, 1

1 rdni!~ Nkinc! 011! lk.adý to thc lornation tit rmore crnpltci and c,.pcrr hnr. h
proc',ý *ot know cdcc .icq~ui~itwn cain tic een as' the succic', di~eioprnent of %truciure,

M10 a rc tc'ted .ind moditicd or wpIaced in %4a\, tha fcilitaie Icarnini ant thinking

The anal\ sj, of tasks to be learned needs to reflect these ideas and the Ideas are often
ait odds %%ith traditional \kayv, of objective specification and designing tests to Measure
proiress Lind facilitate learning.

I kLt. ou,_h't ni' i"k hiT dcrin n'raton oit miall d~iýrcte skil!- pracicecd in isriltin 1 hc\
hOwuld hc nioic .irnhittous in~trunicrt, aimed at docicnirn: %khat trintnal rcprcrit'n:;ion'
ItUdCf~lt h~i'd O! important idcar' and %%hat tacili1% tudcntý ha~c in hringinc *hc'c:
undr',!nmdinL:' to hiear in soksin~p nicý prohlcmN, (Shepard. IqsJ. p 9 1

The goal of instructional designl and development is to engineer conceptual growth
and understanding. Instruction should center on the student's attempt to construct
understanding. It should be devised to support the student's attempts to interpret.
structure or rcsitructurc. and use ne\\ knowledge, as opposed to the memorization and
\.erbatilm reproduction of information. Instructional environments that foster learning,
encourage questioning. evaluating one's own and others' performance. and critiquing
the performaince process.

Ob-ecti'es and tests ought to have the goal of capturing in the test tasks the same
requirementst for cognition and knowledge integration as required in the criterion
performance desiredI. Tests serve to assess a student's understanding. but also are
important instructional tools. To convey to students that their reasoning is more
important than choosing a correct ansv-r. we might ask them to show, how to set
up an approach to a task. to explain a point to another student. or to plan a route
to get from point A to point B. This can be thought of as alr/lentic testing.

The notion of using authentic. direct performance assessments in testing i's repeated
in recommendations for Instruction. Instruction should be centered around authentic
task practice Situated in a context of use (Gott. 1989). Students are to be taken through
successive approxinmations of mature practice while learning to perform specific tasks.
The method is referred to with several names, "cognitive apprenticeship" comes closest
to being descriptive (Brown er al.. 1989). Cognitive apprenticeship supports learning
in a domain by providing authentic domain activity, allowing students to experience
the full functional context. The student learns, develops and uses the cognitive tools
appropriate for the domain. It is similar to, but less resource demanding than. traditional
craft apprenticeship since It is intended to be useful in schooling.

The term "apprenticeship" emphasizes the importance of "...activltv in learning and
knom~kidec and highlights the inhcrcrntly' context-dependent. situated and enculturating
nature Of learning"~ (Brow.n er tit.. 1989, p. 39). It also suggests that to promote student
learmnine. instructors must make their own tacit knowleIdge explicit, and model how
to perform the task. Then, the instructor has the student perform independently and
offers, hints. fccdbaick. reminders. or redirects the student's attention to salient features.
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The Voal , to make the student's, performance approximate the expert's as closclv as
possible. The \word 'cognitive" means that apprenticeship is more than the ph. sical
skills usuallt connected ý%ith it The apprentice must learn to reason. speak. and act
like a practitioner.

Research programs investigating practical skill learning have thus led to a change in
the understanding of processes in olved in learning and performance. They ha-e changed
our perspective about hosk instruction in practical tasks should be done and how si ' 1 nt
pro,,rcs,, should be assessed. Rather than identify task components and teach thei out

of context. the advice is to teach in the task context providing support (advice. cuing) for
students so that the\ can build realistic experiences. We have attempted to incorporate
this perspective into the recommendations that follow and to the summary findings that
form the body of this document,

Communications Computer Technology can Help Instruction

The performance orientation of the prior discussion implies that instruction and
testing learning performance will involve simulation-like. authentic, representations to
mediate student learning. Obviously, new communications and computer technologies
can be used for such simulations. The increasing availability and declining costs of this
gagetr. and its popularity will ensure that it will be used in education and training. We
are worried that use of the technologies will occur without careful. systematic effort to
incorporate what we know about learning principles to promote effective learning and
performance.

The role of the designer of instruction is to provide the learner with the necessary
tools and conditions for learning. The student needs to acquire the appropriate language
and concepts to be used to understand and describe situations in which what is learned
is used. The student needs to learn how to put the information, facts. situations, and
performance skill together in appropriate contexts.

Competent performance of complicated tasks develops slowly, and requires an
environment that supports the development of subskills, knowledge and their
coordination. Anyone attempting to design and develop instruction has a substantial
orchestration problem on their hands. It requires analysis of competence or skill and
breaking it into manageable and appropriate chunks for students to learn. Providing a
learning environment requires considerable sophistication and skill for using resources.
It alsc requires understanding the uses to which competencies can be put. An attractive
feature is the use of technology for representing task situations to students realistically.
Representing cases. situations, scenarios, and simulations, to approximate actual task
performance conditions requires technological assistance and considerable resources.

Computer and modern communications technologies can help in various ways with
the preparation of instru. - n and its use. For example. in the design and development
stages of instructional preparation computer-based tools can assist with the analysis of
tasks. and planning instructional sequences. Authoring systems can aid preparation of
instructional materials and coordinating related segments of instruction that may need
frequent revision.

Technologo is likely to aid the delivery of instruction in various ways. Access to
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instruction can be increaIed using modern communications technologý Thc *Open
'ni\ er'qt\'" idea has worked well for \ears and the technology can help remo\ C barriers

to education and trainine. From the distribution side. technology can pro\ idc %%idespread
dell\cry of presentations at remote locations at varied times. Forms of indp.iduahzed
learning have proven highly effective and some of these forms can be implemented
broadly using computer-based and video technologies.

Providing learning environments that are functionally equivalent to target
workiapplication situations will need the assistance of technologies. both from
educational design as well as computer/communication technology. But. these
"'requirements for realism" arc costly to implement, requiring special skills.

The evaluation of the adequacy of instruction as well as student progress toward
competence can be aided by use of computer/communication technology Thus, there
are man\ ways in which technology can assist the instructional process. This has been
recognized for many years. To make effective and efficient use of technolog. requires
syste matic planning and assessment. sshich does not happen often. or eas•:l

The Office of Technology Assessment (1988) said "A more focused effort to expand
substantially the use of technology in education and attain more fully integrated
applications across the curriculum will probably require new strategies ,. (p.5[.
Due to the importance of these instructional technologies a final section in What
wvorks summarizes what we knowv about their use for adult training.

The Office of Technologv report (1988) supports the use of instructional technologies
in the classroom. It says "'By and large. the research to date supports the continued use
of instructional technoloaies in the schools . . . there is evidence that computer-assisted
instruction can raise achievement test scores for some students- but there is also wide
agreement that computer technologies can already do more than provide electronic
equivalents of drill and practice workbooks. and that much of their future promise
lies in experimentation and development of nontraditional learning methods" (p. 42).
Computer-based systems may assist in implementing the authentic instruction discussed
previously. Sophisticated uses of technology such as this. however, require considerable
expertise in program development and substantial changes in the instructional system as
a whole.

Training managers can use this technology to make them much more effective. The
Office of Technology Assessment (1988) looked at these communications technologies
as follows: "OTA finds that investments in technology cannot be fully effective unless
teachers receive training and support" (p. 16).

"OTA finds that softmarc manufacturcrs tend to play it safe. They produce what (oill
sell) and teachers usuall, bu. products that are familiar. The potential result is a relativel%
homogeneous set of products that fall far short of the possibilities provided by the neA
learning tools" (p. 22).

In an effort to assist the different categories of readers (training managers,
instructional developers, and classroom instructors) to the most appropriate
materials, a "*What Works: User Matrix" has been constructed. The matrix follows
this introduction.

The potential for technology to increase the quality, effectiveness, and efficiency of
education and training depends on careful design and careful implementation. Neither
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i, c• In spite ot adoption of systems design procedures. the development and
mianagement o. instruction is quite variable. The procedures do not make up for deficit,-
in the skills needed to devise quality instruction. Computer.communication-aids may
help. but the% need to be developed and made available broadly to have an\ signiiicant
impact. Their development will require significant resources that are currently in
short suppl.. In addition, although some gains might be realized bN implementing
computer-based and other technologies, the gains are realized only when the waV
schooling is done changes. The wa% instructors are utilized and schoolhouses are
managed needs to change to accommodate the technologies. It seems likely that
technology will gradually be adopted to help the process, and unlikely that it wvill
chan,,e thinos radically.

Role Descriptions for Training Practitioners

An analysis of the tasks of instructional personnel coupled with relevant research led
us to develop the following list of suggestions. This is an attempt to focus attention on-
to certain aspects of their roles and responsibilities to assist in coordinating the roles
wxith recommendations from research.

Managers/A dininistrators

* Become assertive instructional leaders by putting instructional excellence first.
* Brine instructional technology and good practices to bear on instruction.
* Demand high quality in training from staff. instructors and students.
* Develop and monitor in-service staff training.
* Establish a system for evaluation and monitor it systematically.
* Promote a positive climate and overall atmosphere.
* Focus programs on instructional goals and protect them from irrelevant demands.
• Encourage consensus on values and goals.
* Plan and coordinate long-range changes in training to increase effectiveness and

efficiency.
* Analyze and plan for use of instructional technologies to increase training

productivity due to informed media. and class size decisions.
• Consult with training specialists about training policy and practices.
* Provide human factors controls in classrooms so instructors can direct attention and

learning via light, color, temperature, and noise control.

Instructional Developers

• Learn and understand scientific bases for training excellence.
* Become assertive instructional leaders by emphasizing factors that bring about

excellence.
• Expect high quality and productivity from staff, instructors, and students.
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"* Implement and monitor in-service staff training.
"* Monitor and evaluate instructors, and instruction.
"* Promote peer interaction among instiuctors.
"* Protect instruction from irrelevant demands.
"* Develop a well-structured, work-like training environment to support student

learning.
* Adjust training to goals and to learners through detailed evaluation of performance.
* Assist instructors in providing feedback to students.
* Monitor development and empirical evaluation of training technologies.
* Analyze and propose improvements in training effectiveness and efficiency.
* Provide input to higher management regarding training policy.

Classroom Instructors

* Bring good practices to bear on training.
* Focus classroom activities on learning.
* Emphasize student learning and achievement.
* Monitor student studying and adjust their activities to maximize their effort and

progress.
"* Promote effective use of instructional time in learning.
"* Learn teaching techniques that enhance student learning.
* Provide well-structured presentations and classroom activities.
* Arrange many and varied learning opportunities.
* Create a job-like instructional situation.
* Emphasize hands-on. job-like performance tests.
* Use testing and questioning to evaluate learning progress and maintain motivation

to learn.
* Give corrective feedback regularly.
* Provide students with opportunities for individualized work.
0 Design out-of-class assignments to increase student achievement.

Instructional Personnel can Exploit Instructional Hardware and Software

0 Learn the basis for ergonomic principles and guidelines involved in designing
educational equipment and furnishings.

o Become assertive instructional leaders by not settling for communications equipment
developed for non-educational uses, and require communications equipment which
facilitates good learning and perception principle implementation.

* Expect high technical and design quality in all courseware (films. video programs.
computer software, etc.).

* Monitor development and empirical evaluation of training hardware and software
technologies.

15



342 W. E. MONTAGUE and F_ G. KNIRK

Summary Statements

In the main body of this document, "'findings- and modifying "comments" about
each of the what works topics are presented. A finding presents a generality about
an instructional practice variable that falls in one of the stages of instructional design.
The comments provide explanation and reference information about each finding. The
items represent heuristic guidance to assist designing instruction, and can also be used
for evaluating practices to detect deficiencies. We are not sure about the effects of
conibining, effective instructional variables. Presumably, the combination will increase
the benefit for student learning. But. some combinations will likely have uncertain, or
even negative. effects on student learning. Skill in using this sort of information is sure
to be developed through experience. Thus. the findings provide general statements
about what factors have been found to affect student learning. Their use in practice.
wvill be determined by constraints on resources and people.
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Table 2
What Works: User Matrix

Managers Designers Instructors

A nalvISIS

1. Training objectives M H H
2. Training analysis provides course objectives NI H M

Dt'sotg and development

3.Focus on post-training performance NI H H
4. Refresher training M H

5.Increastng time on task M H H
6. Distributing practice in time M H H
.. Development of mental models L H NI

8. Learning is based on prior know edge L H MI
9. Motivating students L H H

10. Cooperation in learning L H M
1]. Situated teachingz and learning L H NM
12. Student control of learnine L H H
13. Wrtinp text materials L H L
14. Readability of training materials M H NM
Is. Memorization aids L H M
16. Ustng examples and nonexamples L H MI

Presentationi of instrtictiont

17 Instructor classroom leadership L M H
18. Instructor classroom role M H H
19. Teachine students how to learn L H M
20. Instructor presentation stimulates learning L H H
21, Practice L H H
2 2. Peer teachinp L H H
23. Listenins: skills L H M
24. Homework assignments M H H
25. Testing student learning H H M
26. Giving feedback to students L H H

Exploiting instructional technology

27. Cost effectiveness M H L
28. Programming instructional presentation M H L
29. Programnied instruction materials L H H
30. Computei -based instruction M. H M
31. Hypertext-based instruction L H L
32. Visual iý_presentations for learners: M. H M

televisioniinteractive video!VTT
33. Simulations and simulation games M. H M
34. Distributeu instruction L' H L
35. Job performance aids L H M
36. Adopting training innovations H] H L
37. Desicninei effectike illustrations and graphs L If NI

Continued
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Table 2
(Continued)

Managers Designers Instructors

Evaluation

3S Criterion referenced testing L H M
3Q Course evaluation and revision H H H
401. Evaluating and supervising instructors H L L

Management of instruction

41. Planning change within organizations H M L
42. Managing instructors H L L
43. Managing student learning H H H
44. Monitoring and tailoring instruction L H M
45. Physical classroom environment M H M
46. Managing informal learning L M M
47. Student-instructor ratio tradeoffs H H M

H - This topic will be of high interest to this audience: M - This topic will be of medium interest
to this audience: L - This topic will be of low interest to this audience: ' - These topics need to be
considered by course managers because of the high initial costs for hardware acquisition and/or software
development.
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FINDINGS MATRIX:
WHAT WORKS IN ADULT TRAINING

FINDINGS ABOUT THE ANALYSIS OF INSTRUCTION

The design of instruction can be viewed as a problem-solving process. a way
of solving instructional problems. The first steps in the process are analytical:
Determining whether training/instruction is needed- analyzing what must be
learned, by whom, and specifying the goals and objectives that serve as. the
focus for organizing instruction and evaluation.

345
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1. Training Objectives

Finding: Instructional objectives reflecting the instructional requirements
directly guide instruction and testing and thus student learning.

Comments: The use of measurable or observable instructional objectives helps
ensure consistency between what is learned, course content. and test
items. This consistency or congruity reduces the amount of irrelevant
course material, and objectives can assist student learning.

When materials include the objectives, learner confidence improves
and learner anxiety decreases. Including objectives seems to be more
effective in courses involving difficult text materials than in courses
with easier or more understandable texts.

While objectives may be easier to write for instruction focused on
specific, concrete tasks than for more academic content areas such as
history. no evidence suggests that objectives are more useful for one
content area than another.

Expanding the task statements that require instruction into objectives
dictates specifying how the learner will show learning, identifying the
relevant conditions under which the behaviors are to be exhibited.
and specifying standards used to specify adequate performance.

Reading List: Hamilton. R. J. (1985). A framework for the evaluation of the effectiveness of
adjunct questions and objectives. Review of Educational Research. 55(1). 47-86.

Kaplan. R., & Rothkopf. E- Z. (1974). Instructional objectives as directions to
learners: effect of passage length and amount of objective relevant content.
Journal of Educational Psychology. 66(3). 448-456.

Lawton. J. T., & Wanska. S. (1977). Advance organizers as a teaching strategy: A
reply to Barnes and Clawson. Review of Educational Research, 7(1). 23.1-244.

Melton, R. F, (1978). Resolution of conflicting claims covering the effects of
behavioral objectives on student learning. Review of Educational Research. 48(2),
291-302.

Rothkopf. E, Z.. & Kaplan, R. (1972). An exploration of the effect of density and
specificity of instructional objectives on learning from text. Journal of Educational
Psychology, 63. 295-302.
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Sullivan. H.. & Higgins. N. (1983). Teaching for competence, New York: Teachers
College. Columbia University,

2. Training Analysis Provides Course Objectives

Finding: Training needs analysis and task analysis yield objectives that serve as
the basis for testing and designing instruction.

Comments: Course effectiveness and efficiency depend on the consistency
between the training requirements, implied task requirements,
objectives, task statements, and how instruction is presented.

The quality of a training program depends upon the adequacy
of course objectives. Given an adequate analysis of training
requirements. then it is possible to develop a relevant course and
adequately test its students.

Reviews of adult training courses reveal mismatches between required
skills and the objectives indicating inconsistency. Objectives are
often misused in the design or presentation of the course materials.
Irrelevant information may be presented. Required information.
as reflected in the objectives, is too often missing from the course
materials.

The objectives determine what the curriculum and testing should
contain. Training requirements and objectives often specify one sort
of performance as a goal of le,'rning, but another is tested. For
example. the objective "Given the weight of a thawed raw fowl, and
depending on whether or not the fowl is to be stuffed, the student
will determine the optimum cooking time at 325°F to within three
minutes" cannot be tested by tasting the bird, nor having the student
recognize the answer on a true-false test. The objective requires the
calculation of an answer. Thus, a short answer test, or fill-in is the
best test for this objective.

To show the extent of the problem. in an extensive study of Navy
technical training courses as many as 56% of the training objectives
were found to be inappropriate. A major reason is that the required
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training standards are inappropriate; half of the objectives were not
tested: less than half of the test items matched the objectives. These
courses can obviously be improved as, probably. can most courses.

Reading List: Ellis. J. A,, & Wulfeck II. W. H. (1980, March). Assuring objective-test consistency.
A4 systematic procedure for constructing criterion-referenced tests (NPRDC SR

8•-15). San Diego. CA: Navy Personnel Research and Development Center.

Ellis. J. A., & Wulfeck 11. W. H. (1986). Criterion-referenced measurement

in military technical training In J. A. Ellis (Ed). Militarv contributions to
instructional technology (pp. 60-82). New York: Praeger Publishers.

Montague. W. E.. Ellis. J_ A. & Wulfeck II. W H. (1983). Instructional quality

inmentorN: A formative evaluation tool for instructional development. Performance

and Instruction Journal. 22(5). 11-14.
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FINDINGS ABOUT THE DESIGN AND DEVELOPMENT OF INSTRUCTION

Once objectives have been defined for a course or lesson, a systematic
instructional design procedure requires designing and developing the
presentation and management of instruction. Analysis and classification
ot the objectives is needed to reveal the cognitive operations involved in
performing the required tasks. Classification then aids in determining how
to instruct. Analysis indicates essential and supportive training design and
development requirements. The summaries that follow are intended to assist
this process.

349
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3. Focus on Post-training Performance

Finding: Conditions that yield rapid learning and good test performance may
produce poor post-instruction performance and transfer.

Comments: The main objective of instructional programs is to prepare students
to be able to perform effectively on some task in the real-world.
However, having iearned to perform a task in school does not
guarantee performance months later. in different context(s). Yet.

those responsible for instruction usually see only performance of

the learner during instruction, not on the real-world task(s). Thus,

they may focus on making learning efficient at the cost of later

perfo::nance.

Procedures tha:, enhance performance during instruction may not

enhance retention or performance in different contexts. On the
other hand. procedures that introduce difficulties for the student.
impairing performance during learning, can result in durable and

adaptable post-training performance. Performance during instruction

may depend on rote memory, or cues specific to the learning context

rather than substantial. durable, learning.

Thus. the effectiveness of instruction should not be measured
primarily by how fast students learn, or by the level of test
performance at the end of instruction. Instead, performance on the
post-training tasks in real-world settings should be used. To ensure

more adequate testing. tests of a student's progress during instruction
should measui'e performance as it will be measured on the real-world
tasks in the real-world setting.

Reading List: Druckman. D.. & Bjork. R. A. (1991). In the mind's eye: Enhancing human
performance. Washington. D. C.: National Academy Press.

Swets. J.. & Bjork. R. (1990). Enhancing human performance: An evaluation of "'New
Age" techniques considered by the US. Army. Psychological Science. 1(2). 85-96.
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4. Refresher Training

Finding: Sstematicall% planned and monitored real-w'orld repeated testing and
rehearsal of critical skills is required for maintaining those skills.

Comments: Everyone loses trained skills and knowledge during extended periods
"without specific exercise or practice. Extended periods of nonuse are
common in manv real-world situations.

%lost adult training is considered complete when students have
acquired minimal competence. Partly this happens to keep costs
down. Presumably, the students are expected to develop proficiency
on .- job. However, many tasks are rarely exercised. Therefore.
procedures to maintain competency should be made part of
performance requirements. If this can't be done. methods to
strengthen the original learning might be implemented in training.
These methods may lengthen the training period, and thereby
increase costs. If refresher training is unfeasible, as where errorless
performance is needed in emergencies, original learning might have
to be carried to a considerably higher level.

Considerable evidence shows that attention to rehearsal of rarely
used skills is often lacking. For example. Army researchers found
that few soldiers who performed basic soldiering tasks adequatel.
after training could perform them adequately after a year in the field.
(See the example below.) Apparently. they had not performed or
rehearsed most of the skills during the year. Analysis of conditions in
the Navv also reveals occupations in which sailors do not practice the
new skills for long periods. Such lapses promote skill and knowledge
losses, not their improvement. Thus. systematic management of skill
maintenance is needed to maintain competence.

There is no way to make accurate, quantitative predictions about
the rate of skill loss. how fast relearning occurs, or how often
retraining should occur. What is known is that initial learning during
training must include the maximum amount of practice possible
under conditions that approximate the performance situation, and
that successive retraining or exercise sessions are needed at spaced
intervals. Time management during initial training must ensure that
time allotted is used for practicing the skill and not for irrelevant
activities such as waiting for equipment or watching others perform.
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One suggestion is to base the spacing of refresher practice sessions
for novices on howk often journeymen perform the skill or task. For
example. if journe-men perform a task monthl'. rehearsal spacing of
about a month might be advisable for novices.

In cases where rehearsals are difficult or too costly to arrange. more
than minimal learning should be provided during the original course.
The main point is that planning and scheduling the rehearsal of
critical skills is mandatory.

Example: Without systematic refresher training, performance of procedural
skills declines rapidly after training. The following figure taken
from Hapman and Rose (1983) and Shields. Goldberg. and Dressel
(1979). depicts the decline in the number of soldiers able to perform
basic soldiering tasks adequately after training. The rate of skill loss
differs for different tasks, perhaps due to the varying number of steps
in each procedure. In any case, the decline suggests the need for
providing systematic practice to maintain skills.

too -
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Report enemy\nformat on

Load and t ire
S50- grenade Launcher

S40 Chot Lenge/possword
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Cardioputmonory

20 - resusiltotion

0- DisassembLe/assembLe

grenade Launcher Don gas mask
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Montns since training

Reading List: Bahrick. H. P. (1979). Maintenance of knowledge: Questions about memon, we
foreot to ask. Journal of Experimental Psychology. 108(3), 296-308.

Druckman. D.. & Bjork, R, (1991). In the mnnd's eve: Enhancing human
performance. Washington. D. C. National Academy Press.
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Farr. M. J. l987). The long term retenton of kno ledge and 5kil.s A cogniat e and

stUinOnl)al perspecttie. Nem York: Springer-Verlag.

Haeman. J. D. & Rose. A. M. (1983). Retention of military skills: A reviev%
Human Factors. 25(2), 199-213

Shieldsý. J L.. Goldberg. S. L.. & Dressel. J. D. (1979. September). Retennon of
ba.sic soldiering skills (Research Report 1225). Alexandria. VA: U.S. Arm% Research
Institute for the Behavioral and Social Sciences.

5. Increasing Time-on-Task

Finding: Other things being equal, providing supplementary time for practice
increases the level of achievement.

Comments: One of the simplest ways to increase student achievement is by
providing more productive time for learning. Simply allocating time
is not sufficient. the students need to be actively and productively
engaged in relevant study. This may be done by providing a
variety of learning or practice opportunities. If training periods
are excessively long however, there may be diminishing returns for
additional training time: the students may become "burned out" and
accomplish the same amount of learning in less time.

Although there is a positive relationship between the amount of time
the students spend on their learning tasks, the achievement gain is
modest compared to peer-tutoring and other strategies for improving
achievement.

There are several consistent findings which have emerged from the
study on instructional time:
"* Time is a scarce resource - students must have time and the

opportunity to learn.
"• Time is overlapping on tasks and not mutually exclusive; two

or more activities can occur simultaneously and independent
measurement of conceptually separate variables is difficult to
interpret.

"* Observation and interpretation of a student's time-on-task and
the time a teacher spends teaching the task may confuse different
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processes. A student may receive direct instruction relevant to the
objectives and also receive indirect instruction on them while the
instruction is primarily oriented toward loosely-related objectives.
Thus. it is difficult to assess time-on-task or instruction time on
either set of objectives.

* Time-on-task is not the same as time on the right task.
* Allocated instructional time on a task is not the same as engaged

time.

It appears that all other things being equal. the amount learned is
generally proportional to the time spent in learning. Walberg (1988)
found that 30 out of 35 studies showed a positive association between
learning performance and time spent learning.

Reading List: Berliner. D. C.. & Fisher. C_ W. (1985). One more time. In C. W. Fisher & D. C_
Berliner (Eds. ). Perspectives on instructional time- New York: Longman

Karvweit. N. L. WoS-4). Time-on-task: A research review. Research Report No 332
Baltimore. MD: The Johns Hopkins University. Center for Social Organization
of Schools.

Leinhardt. G. (1985i. Instructional time: A winged chariot? In C. W. Fisher & D.
C. Berliner (Eds.). Perspectives on instructional time. New York: Longman.

Walherg. H. J. (1988). Synthesis of research on time and learning, Educational
Leadership. 45(0). 76-84.

6. Distributing Practice over Time

Finding: Spacing practice over several sessions separated by periods of
unrelated activities yields better performance than equal amounts of
massed or concentrated practice.

Comments: For a fixed amount of practice, learning is better if practice is
distributed in time. This is generally true if learning is measured by
performance on a later retention test. If learning is measured during
instruction, massing practice yields better test performance. Since
instruction intends to optimize performance over the long-term.
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this finding shows that performance during instruction may be an
unreliable indicator of learning. Sometimes massed practice yields
long-term test performance less than half that which results from
spaced practice. This effect, that practice spaced in time results in
superior long-term performance than massed practice, is one of the
most dependable findings from learning research.

Learners can absorb and integrate only a limited amount of new
information at one time. Training can be made more effective by
designing shorter lusson segments, and distributing them in time b"
separating them with periods of other activities. Both non-training
or different training activities can be interposed between scheduled
sessions. For example, five classroom hours of lessons on quality
control procedures will be learned best if they occur on five
successive days. rather than all on a single day.

Similarly. repetition of drill needed for developing skills can be
made more effective by using short sessions separated by other drill
activities. If. for example, trainees are learning code recognition.
separating short blocks of practice trials by practice on other tasks
or activities is more conducive to learning than when the practice is
massed together.

Two -spaced" or distributed sessions are about twice as effective
as two successive or massed sessions. and the difference between
them increases as the number of repetitions increases. Achievement
following massed practice sessions is often only slightly better than
that following a single, shorter session. Massed presentations may
be unnecessarily repetitive and result in learner boredom. One
reason for spacings' efficiency may relate to the learners being
more interested in material the second time they are exposed if the
repetition occurs after some delay.

Reading List: Dempster. F. N. (1987). Time and the production of classroom learning: Discerning
implications from basic research. Educational Psychologist, 22(1), 1-21.

Druckman. D.. & Bjork. R. (1991). In the mind's eye: Enhancing human
performance. Washington. D. C.: National Academy Press.

Fisher. C. W.. & Berliner. D. C. (Eds.) (1985). Perspectives on instructional time.
New York: Longman.

Rothkopf. E. Z.. & Co':e, E. U. (1963). Repetition interval and rehearsal method
in learning equivalence from written sentences. Journal of Verbal Learning and
Verbal Behavior. 2. 406-416.
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Smith, S. M.. & Rothkopf. E Z, (1984). Contextual enrichment and distribution of
practice in the class-room. Cognition and Instruction, 1. 341-358

Walberg. H. J. (3988). Synthesis of research on time and learning Educational
Leadership, 45(6). 76-84.

7. Development of Mental Models

Finding: When students learn to act in accordance with a prescribed -model" of
performance, they develop conceptual understanding that guides
competent performance more effectively.

Comments: Learning occurs by the learner's active construction of schemas or
conceptual structures that are called "mental models." Learners
construct and then reconstruct mental models that organize ideas and
their interrelations. A person makes use of an internal model of the
world to understand, explain, and predict things about the world. If
people carry a small-scale-model of external reality in their heads.
they are able to try out various alternatives, can decide which is
the best of them, react to future situations before they occur, utilize
knowledge of past events in dealing with the present and future.
Models allow people to generate descriptions of system purpose
and form, or explain system functioning and observed states, and to
make predictions of future states. These models provide a means for
organizing and reorganizing memory and deciding on actions.

Mental models evolve naturally through the interaction of the learner
and particular environments. They are intimately involved even in
elementary reading, mathematics, and other school subjects. The
traditional view that basic subjects can be taught as routine skills with
thinking and inferencing to follow later, provides a poor guide for
instructional practice.

Unfortunately, models developed by students are often incorrect and
lead to errors. Students can be aided to develop effective mental
models by providing them with structured experiences (such as
learning to troubleshoot), by presenting functional representations of
systems (such as Kieras' device models), or by suggesting analogies
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(such as the "'water through a pipe" analogy for electron flow),
Instructional developers and instructors can devise methods to help
students promote the development of effective models. Instructors
ma\ work with students to study how their model systems work and
then assist the student to correct inappropriate models.

Students may be helped to develop models which represent the
functionality of the work environment, and the devices/equipment
in it. Providing external guidance or directions. i.e., telling what to
do and ho" to do it. allows the build-up of experience coupled with
important cognitive information that. once internalized, will guide
performance. An accurate mental model develops from the way
events flow on-the-job. how devices function and can malfunction.
and serves as the scheme to guide personal action when new
problems are encountered. Having students describe in detail the
steps they're using while performing, identifies errors and competence
de•elops faster and transfers readily to the work environment.

As an example. take the task of training students to solve problems
in electric circuits. thermodynamics, or mechanics. By guiding them
through the steps, and explaining why they're taken, and then having
students describe the factors and their interactions as they solve
subsequent problems they learn rapidly and accurately. Instructors
can check the accuracy of a student's initial representation and
provide feedback. It focuses students' attention on the need for
careful representation of all facets of the problem, and provides
the basis for correct solutions. Thus by concentrating on accurate
initial description of the problem. students learn to internalize thc
procedures as part of their mental model, and use it habituall%
approaching problems later on.

Reading List: Gcntner. D.. & Stevens. A. L. (1983). Mental models. Hillsdale. NJ: Erlbaum
Associates.

Heller, J. I., & Reif. F. (1984). Prescribing effective human problem-solving
processes: Problem description in physics. Cognition and Instruction, 1(2),
177-216.

Kieras. D. E. (1987). What mental model should be taught: Choosing instructional
content for complex engineered systems. In J. Psotka. D. Massey & S. Mutter
(Eds.). Intelligent tutoring systems: Lessons learned. Hillsdale. NJ: Erlbaum
Associates.

(Ilascr. R. (1984). Education and thinking: The role of knowledge. American
P,••(hologisi. 39. 91-104
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8. Learning Based on Prior Knowledge

Finding: Students learn best when instruction is adapted to the students'
existing knowledge and background.

Comments: Learning is a process whereby students take information, interpret
it, connect it to what they already know, and if necessary, reorganize
their mental models to account for the new findings. When dealing
with individuals who lack adequate knowledge organization (mental
models), we must provide an initial or beginning knowledge structure.
This may be accomplished by providing explicit organizational
schemes, or temporary models, that serve as scaffolds for new
information. They form the basis for organizing new knowledge, and
provide a basis for problem solving.

Students begin learning new information and concepts with a great
deal of prior knowledge. Good instruction is aimed at eliciting this
prior knowledge and explaining the congruence or misfit between
what is to be learned and the initial conceptions. Learning progresses
from simpler mental models to more complex ones. Instructional
materials need to be designed to take advantage of the student's
entering or existing knowledge and experiences.

Any assumed prior knowledge or skill for a learner that is found not
to be in place at the time of instruction, must be taught explicitly at
that time. The time. cost, and trouble of preparing students for the
intended activity must be included in the course costing.

Structural knowledge enhances retention of the subject matter.
facilitates problem solving, and leads directly to transfer to similar
and (perhaps) new situations. Structural knowledge may also result in
intellectual excitement and an aptitude for learning.

Reading List: Bloom. B. (1976). Human characteristics and school learning. New York:
McGraw-Hill.

Brophy. J.. & Alleman. J. (1991). Activities as instructional tools: A framework for
analysis and evaluation. Educational Researcher. 20(4). 9-23.
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Sha~clson. R. (1974). Methods for examining representations of a subject-matter
structure in a student's memory. Journal of Research in Science Teaching. 11(3).

231-249.

Walberg, H. J.. Strykowski. B.. Rovai. E.. & Hung. S. (1984). Exceptional
performance. Review of Educational Research. 54(1), 87-112.

9. Motivating Student Learning

Finding: When instruction gets the learner's attention, is perceived as
relevant, as having attainable goals, and provides frequent testing and
explanatory feedback, students persist in learning, achieve well, and
enjoy learning.

Comments: There are many factors that influence student motivation to learn
and determine their achievement. Techniques that make the learner
persist in learning, and bring the learner into more persistent contact
with the information or tasks to be learned, improve performance.
Instructional design goals to help accomplish this are to: make
learning interesting, help students set learning goals, promote student
tolerance for making errors while learning, and provide specific
feedback to guide students toward mastery.

Instruction that is attractive and exciting is useful to gain students*
attention or interest. Therefore, the design of instruction would
attempt to stimulate students' curiosity by including incongruous, or
novel, or attractive material that would make them eager to engage
or study the material.

Students' understand the relevance of instruction when objectives
are explained to them and new learning is related to their past
experience and knowledge. Presentations need to explain the goals
of the instruction, how the knowledge is to be used, and the role
the learner will play in the real-world when learning is finished. The
students should feel the instruction meets their personal needs or
goals. Providing instruction that allows students to proceed through a
sequence of graded steps increasing the likelihood of success develops
confidence in their ability to succeed.
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Students can learn to set daily training goals. monitor their progress
toward these goals, and chart their progress to provide their own
reinforcement. Instructors should ask their students about their
progress toward these goals and then provide positive verbal
encouragement and reinforcement.

If students fail to solve learning problems, they tend to reduce effort
expended in learning. Segments of instruction need to be arranged to
build students expectation that they can achieve the course goals with
sufficient effort. Thus, presenting simpler materials and problems
first, arranging objectives in a progressive, logical sequence, and
other techniques that enable correct actions or explain what adequate
behavior is like, all motivate learning. Student control of the pacing
through the steps sometimes seems to increase learner confidence.

Providing students with feedback explaining the adequacy and
inadequacy of tests of learning and social rewards for expended
effort influences student satisfaction. If the instructor can establish
a trusting relationship with the student the feedback is valued
and sought. To stimulate student satisfaction, praise for accurate
performance. and informative feedback work better than threats
or negative comments. Feedback following soon after performance
should emphasize what is or was acceptable about the performance.
Information correcting errors or guiding performance may be most
useful given just before another opportunity to perform.

Instructors need to provide meaningful opportunities for the students
to use their newly-acquired knowledge and skills. Instructors should
make their grading and performance requirements consistent with
the expectations (criteria and standards) as stated in the objectives.
Extrinsic rewards, such as grades, scores, and points, while necessary.
may' not motivate students as well as goals and rewards based
on direct involvement with the ongoing training. Focus student
attention on long-term competence rather than extrinsic rewards.
Instructional developers need to develop training materials which
are authentic, life-applicable, holistic activities instead of activities
involving information recognition or retrieval, repetitive seat work. or
isolated practice exercises. Developers also need to keep motivational
materials relevant to the course objectives.

Reading List: Bmphy. J.. & Alteman. J. (1991). Activities as instructional tools: A framework for
anali,% and cvalualion. Educational Researcher, 20(4). 9-23.

Lrickson. S. C (19S4). The ee'.emc ofgood teaching. San Francisco: Josses-Bass.
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1lorn. E.. & Walberg. H. (1984). Achievement and interest as functions of quantity
and levce of instruction. Journal of Educanonal Research. 77(4). 227-232.

Johnson. D. W. er al, (1981). Effects of cooperative. competitive, and individualistic
goal structures on achievement: A meta-analysis. Psychological Bulletin. 89( 1).
47-(2.

Keller. J. M. (1987). Strategies for stimulating the motivation to learn. Performance
and Instruction, 26(8). 1-7.

Lepper. M.. & Chabay. R. (1985). Intrinsic motivation and instruction: Conflicting
vie\\s on the role of motivational processes in computer-based instruction.
Educational Psychologist. 20. 217-230.

Malone, R. (1981). Toward a theory of intrinsically motivating instruction. Cognitive
Science. 4. 333-364.

Urguroglu. M.. & Walberg. H. (1979). Motivation and achievement: A quantitative
synthesis. American Educational Research. 16(4). 375-389.

10. Cooperation in Learning

Finding: Students who help each other and work together learn more than
when they study alone.

Comments: Organizing students into small groups (of 2-3 students) to study
improves their performance on achievement tests. This arrangement
promotes positive attitudes of students toward each other and
toward learning and school. It has potential to assist team training.
Group work allows students to observe, imitate and learn from each
other, keeping each other on task and sharing accomplishments.
It is important to make sure that one student does not dominate
the others, thereby limiting their opportunity to learn. This can be
achieved by instituting procedures that make sure that each student
spends an appropriate amount of time actively learning.

Peer cooperation can take a variety of forms: Discussion groups,
seminars, or tutorial groups led by teaching assistants; the proctor
model, where senior students may assist individual students; student
learning groups that are instructorless or self-directed: or senior
students teaching entering students. Arranging pe-r interaction in
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small groups to supplement regular classroom and laboratory teaching
often helps slower and underachieving students to learn and succeed
in their learning.

Students coaching students raises their achievement. Coaches benefit
because they learn more about the material by preparing and giving
lessons to others. The effects are greatest in long academic courses
and extensive drill and practice courses. Short courses that stress
test-taking show the least improvement from coaching methods.
Classes that use tests at the start of the course report stronger
coaching effects than classes giving tests only at the end.

Students bring many life experiences into the classroom, which should
be acknowledged. tapped and used. They can learn well - and much
- through cooperative study with respected peers.

Students tend to avoid activities that they believe will result in
failure. A competitive situation arouses the need either to achieve
success or avoid failure. Encouraging cooperation, rather than
competition. among students promotes more effective learner
achievement and productivity. Students competing for grades or
other extrinsic goals focus on beating other students rather than on
understanding the course material and learning how to work as a
team member.

Studies of students using computers for instruction, show that
students learn at least as well when paired at a computer as they do
by working by themselves. Learner attitudes toward their class-mates
also improves when they are paired. Cooperative learning promotes
positive feelings of personal worth and positive attitudes toward the
course content.

Simply grouping students to work on a learning task does not ensure
that cooperative learning occurs automatically. Providing students
with a certain amount of structure increases the liklihood that they
will work together in a way that contributes to their learning.

Reading List: Bangert-Drowns, R. L., Kulik, J. A.. & Kulik. C. C. (1983, Winter). Effects of
coaching programs on achievement test performance. Review of Educational
Research. 53(4), 571-585.

Bracey. G. W. (1988). Two studies show students gain when teaming up. Electronic
Learning. 7(4), 19.
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Johnson. D. %V.. Johnson. R. T.. & Maruyama, G. (1983)- Interdependence and

interpersonal attraction amone heterogeneous and homogeneous indi i ýuals A
theoretical formulation and meta-analvsis of the research. Revieýe at Educational

Research. 53, 5-54

Johnwon. D. W.. & Johnson. R. T. (1986). Computer-assisted cooperative iearning.
Educauonal Technology 26(1), 12-IS.

Slaxin. R. E (1983). Cooperative learning. New York: Longman. Inc.

Wh\te. %1N M.. Knirk. F. G., Casey'. R. J.. & WillardN M. L. (1991). lni.,idualistlc

versus paired cooperative computer-assisted in'truction: Matching instructional
method with cognitive st'le. Journal of Educational Technology Systems. 19(4).
299-312.

11. Situated Teaching and Learning

Finding: Learning knowledge in a relevant context motivates learning, assures
that it is usable, and enables skillful performance of the task in the
real world.

Comments: Often. students who have demonstrated that they know the schooled
facts and concepts. fail to use the facts and concepts on appropriate
occasions. This occurs even in technical schooling. What is taught
in schools resembles unique school activities rather than activities
useful for performing practical tasks. To ensure the usefulness of
schooled knowledge, instruction should be focused or situated in a
context for experience rather than be taught as abstract knowledge
to be applied later. Experience includes both the physical context in
which a student's learning is to be used. and the tasks, both cognitive
arnd physical. that the student engages in while in that environment.
Listruction should involve the same ,)perations, the same tools. and
the same machines (or their functional equivalents) as the .)ractical
situation.

Situated teaching emphasizes the role of the teacher as an expert
practitioner who models skilled performance for students and
inteactively guides the development of students' competence
by coaching. What students learn is focused in both the external
and internal aspects of the context, and can be thought of as a
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specific activity within a specific culture. The closer instruction is
to actual technical performance in terms of task-related specificity.
completeness, and realism, the greater its effectiveness, Instruction
should be guided by level of competence expected in the practical
situation. If a student will be closely guided by others (e.g., a
supervisor), then the instructional program should not expend the
time and effort to graduate students who need no guidance. Effective
management of instruction matches the level of instruction with
expected conditions of performance.

It seems likely that. in most cases, schooling will be able only
to approximate the authentic target context. Various forms of
representation may be necessary, depending on student knowledge
Text or other symbolic representations may be sufficient when
students have considerable background. When students are less
knowledgeable, higher fidelity simulation of the practical situation
may be needed. There are several important characteristics to
include.
"* Lcarning is best situated in a social context similar to that in which

the skills and knowledge will be used.
"* The h',-trner and Jhe instructor are interactive participants in the

learning situation: instructors model performance and cognition.
then observe and coach student performance.

"• Normally covert cognitive processes are displayed.
"* Learners evaluate their own and others' )erformance (and vice

versa) to promote tolerance for criticism, critical skills. and
different perspectives.

"* Systematic experiences are arranged in a range of conditions.
"* Materials must take into account learner's frame of reference.

Example: Evidence from a recent study (Lajoic & Lesgold. 1991) shows that a
computer-run version of a situated practice environment works.
Students with 20-25 hr of practice in a computer coached practice
environment equalled the performance of technicians with four years
of on-the-job experience.

Reading List: Br,,n. J. S.. Collins. A.. & Duguid. P. (1989). Situated cognition and the culture
,1 learning. Educainonal Re:,earcher. 18, 32-42.

Collins. A.. Bro%%n. J. S._ & Newma,. S. E. (1989). Cognitive apprenticeship:

Teaching the craft (t reading, writing, and mathematics. In L. B. Resnick (Ed.).

Kpowin,,. learmntg and t.stricwnon: Essav.s in honor of Robert Glaser. H-illlsdalc.
NJ: Erlbaum.
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Morris. N NI & Rowuc. W I 1Q5) Revie" and evaluation of empirical research
on troubtchootirg Humnatrn Factors. 27, 530-53(V,

Stichi. 1' G . ArristronL. W B. Hicke%. D T . & CayIor. J. S (19s;7) (Cast off
vu,,lh Pohý. and trautning Ppethods fron the rndtharv experience. Ne'k York
Pracecr

12. Student Control of Learning

Finding: Students' perception of who controls the key events in learning
significantly affects their academic achievement.

Comments: In the classroom, students generally attribute their learning success
to a combination of ability, effort, task difficulty, and luck. The\
believe that if they can significantly control their learning. the% can
also organize their environment for maximum success, that is they can
"-make their own luck."

Research has repeatedly demonstrated that learning disabled and
other slow students tend to think that other individuals cause
their successes and failures. Successful students are more likely to
recognize their responsibility for their achievement. According
to recent evidence, student perceptions about who caused their
successes and failures depend on situational factors. Certainly
instructors can change these perceptions. Feedback pointing out
the quality of performance and how to improve it can teach slowcr
students to recognize that they arc responsible for their learning and
performance.
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Reading List: Bannister. B. D, (1986). Performance outcome feedback and attributional feedback.
Interactive effects on recipient responses. Journal of Applied Psychology, 71(2).
203-210.

Bar-Tal. D. (1978). Attributional analysis of achievement-related behavior. Revtiew of
Educational Research. 48(2). 259-271.

Licht. B. G., Kismner. 1. A.. Ozkeragoz. T., Shapiro, S., & Clausen. L, (1985),
Causal attributions of learning disabled children: Individual differences and their
implications for persistence. Journal of Educational Psychology, 77(2), 206-216.

Schunk. D. H. (1985). Self-efficacy and classroom learning Psychology in the
Schools. 22. 208-223_

Stipek. D. J.. & Weisz. J. R. (1981). Perceived personal control and academic
achievement. Review of Educational Research. $1(1). 101-137.

13. Writing Text Materials

Finding: Enhancement of text in books or manuals through orientation,
summaries, examples and diagrams can aid student comprehension
and learning.

Comments: Much training is accomplished through written descriptions or
discussion. Texts are prepared to serve as a basis for student
learning by providing facts, examples. and explanations. To learn,
students must understand the materials and how they can apply
the information. Descriptions, instructions, and explanations are
often difficult to understand because of terminology, inadequate
connections to student knowledge, or a "topic-orientation" that tells
all about a subject, but not "what a person does" or "how to do it."

Designers/writers need to be aware of student vocabulaty and
knowledge limitations. The designers should also use techniques
that will help the students to comprehend and remember the course
materials.

Writing should be performance-oriented, rather than topic-oriented.
Topic-oriented writing looks like reference material aimed at a
general, unspecified audience, telling all about a subject and not
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how to apply the information. Performance-oriented writing focuses
on specific users- describes their roles, tasks, and responsibilities:
and gives them information they need about how to perform. The
advantage of performance-oriented text is that readers do not have to
infer and conceptualize what to do; it is stated explicitly,

The mnatcrials need to bu explicit. Explicit instruction will result
in the students demonstrating significantly greater metacognitive
awareness of the content. Cues should be provided about what is
going to be learned, guided practice of the to-be-learned material
should be included and application examples are desirable.

Several techniques can be used to improve student comprehension
of text:
"* Pre-presentation summaries or 'advance organizers" outline what

is to be learned, provide structure, and improve learning.
"* Inserting pictures showing spatial relationships. object form. or

internal structure can be powerful aids to comprehension.
"* Concrete examples can be used to clarify abstract ideas or depict

how principles work.
"* Methods that put demands on the trainee in reading and

"'processing'* the text are especially useful.
"* Questions inserted before or after text segments can help students

to identify important information, and make desired inferences.
"* Asking students to relate new information to what they already

know or to paraphrase the content can aid learning.
* Writers can ask students to construct a diagram or "map"

depicting the relationship of ideas in text to aid comprehension and
remembering the information.

The insertion of interesting details in texts appears to divert attention
from important generalizations in the text to the interesting and often
irrelevant detail. Placement of the details, however, does not affect
learner recall and appears to improve how interesting the text is -

especially if the learners knew little about the topic being learned. It
is probable that cartoons or other humorous insertions have similar
effects. If the students lack interest in a course, or topic, the use
of interesting materials should increase student attentiveness and
attitudes toward the course.

Reading List: Gagne. R. M. (1986). Instructional technology: The research field. Journal of
Instructional Development. 8(3). 7-14.

Garner. R., Alexander. P. A.. Gillingham. M. G., Kulikowich. i. M3M & Brown. R.
(1991). Interest and learning from text. American Educational Research Journal,

28(3). 643-659.
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Jonasen. D. H. (1985) The technology of text, Volume 2: Principles for structurimg,

desgning and displaying text. Englewood Cliffs. NJ: Educational Technolog.

Publications.

Kern. R P.. Sticht. T. G.. Welty, D.. & Hauke. R N. (1976. November).
Guidebook .tOr the detelopment of Army training literature. Alexandna, VA: UL S.

Arm% Research Institute for the Behavioral and Social Sciences.

Nueent. G. C. (1982). Pictures. audio, and print: Symbolic representation drid effect

on learning- Educarional Communicarion and Technology Journal. 30, 163-174.

14. Readability of Instructional Materials

Finding: Readability scores indicate approximately how much difficulty students
will have in reading or listening to training materials.

Comments: Readability formulas predict how well people of varying reading
ability can recall text they have rezd or heard. However. their
usefulness for predicting comprehension of instruction is limited
because they do not:
"* Provide precise estimates of difficulty.
"* Provide estimates of difficulty for non-text materials like tables and

figures that make up much of the instruction in technical training
courses.

"* Take into account how the text materials will be used. for
example. whether they are studied and learned or read while
performing.

"* Take into account students' background knowledge in the area
and related areas. Students with a lot of background knowledge
can attain high comprehension while having reading ability several
grade levels lower.

"* Provide specifications for writing readable materials; one should
not write to the formula.

Issues other than readability should be considered in developing
instruction. For example, performance-oriented text is recommended
in manuals over topic-orientation. Topic-oriented text tells the reader
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everything you want to know about the topic. but it does not tell
what action(s) are to be performed. A reader must infer what to do.
Performance-oriented text explicitly tells the reader what actions are
expected of them. Surprisingly, technical manuals and texts are often
topic-oriented.

Reading List: Dole. J. A_ Duffy. G. G., Roehler. L. R_. & Pearson. P. D. (1991). Moving from
the old to the new: Research on reading comprehension instruction. Review of
Educational Research, 61(3). 239-264.

Duff%. T.. & Waller. R. (Eds.) (1985). Designing usable texts. New York: Academic
Press.

Hartle\. J. (197S). Designing instructional text. Ne\% York: Nichols

Kern. R. (1979). Usefulness of readability formulas for achieving Army readabihti
objectives: Research and state-of-the-art applied to the Armry's problem. Fort
Benjamin Harrison. ID: Technical Advisory Service. U.S. Army Research
Institute.

Kern. R.. Sticht. T., Welty, D.. & Hauke. R. (1977). Guidebook for the
development of Army training literature (P-75-3). Alexandria. VA: U.S. Army
Research Institute for the Behavioral and Social Sciences.

Sticht. T. (1972) Learning by listening. In R. Freedle & J. Carroll (Eds.), Language
comprehension and the acquisition of knowledge. Washington. D.C.: V. H.
Winston & Sons.

Sticht. T. (1985). Understanding readers and their uses of text. In T. M. Duffy &
R. Waller (Eds.), Designing usable texts. New York: Academic Press.

15. Memorization Aids

Finding: Mnemonic devices or coding systems help students recall important
information when needed.

Comments: Learning by rote seems an inefficient way of remembering. When
people are faced with a rote memory task, they often try to devise

43



370 W. E. MONTAGUE and F. G. KNIRK

some scheme to make the learning task easier. Therefore, teaching
students various types of memory devices or mnemonic procedures
has often been proposed to make remembering materials easier. A
pictorial mnemonic is also more effective than a figural, or schematic.
taxonomy for lower recall and higher-order thinking skills.

Aids to memorization can take various forms which can be given to
students. Some formal devices used in training which provide students
with mental cuing structures are made up of visual images or words
in sentences or rhymes that mediate between a signal to the learner
to recall and the information to be recalled. Students learn the cuing
structure first and associate each item of new information with one or
more of the already memorized cuing structure. Later, they use the
structure for recall through a self-cuing process.

Usually, the cuing structure is not conceptually related to the
information i, cues. For example. consider the rhyming peg-word
mnemonic system "One is a bun; Two is a shoe; Three is a tree;
etc...". Students first memorize the ordered rhymes. Then, when
they must learn an arbitrary set of items in order, they relate the first
with "bun," the second with "shoe", and so on. Instructions often
suggest using visualization to help relate the items. Mnemonic devices
are effective in helping students to recall unorganized names and
procedural data.

Students can be encouraged to devise their own mnemonic devices
such as a story to help recall a list of arbitrary words or phrases.
Ship handlers have to remember colors of signal lights associated
with marking intervals in distances between ships: for example, red
(20 yards). yellow (40 yards), blue (60 yards), white (80 yards), green
(100 yards). To remember the r y b w g sequence, students are asked
to make up a sentence (or are given one). Thus, "rub your belly with
grease" encodes the sequence, is memorable, and facilitates recall of
the information. Mnemonic facilitation of memory results from the
use of visuals which have meaning to a learner, can be retrieved as
visual images, and thus facilitate recall.

Example: Normally, individuals can, in the short-term, recall a string of about
seven unrelated items like digits or letters presented to them one at
a time. However, recall performance can be improved to many times
that level by using a learning strategy like coding items into more
meaningful chunks. and by practicing a lot.
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The figure shows data obtained from two persons who learned a
way to increase memory-span to exceptional performance levels
(Ericsson & Chase. 1982). The lighter line is that for a person who
was read strings of digits and simply asked to recall them. He was
a runner, knew much about running, running times and records
for competition. Some digit groups reminded him of running times
for different races. so he began to code 3- and 4-digit groups as
running times for various races (e.g., 3 4 9 2 was coded as 3 minutes
49.2 seconds, near the world record time for a mile). As practice
continued he constructed other mnemonic associations along with the
times, such as ages and dates. With the development of this coding
scheme he was able to recall about 80 digits accurately after abou"
220 practice sessions. Another runner was taught the memorization
scheme. His performance on over 275 practice sessions is shown as
the darker line. Both performed exceptionally. The important point
is that coding schemes based on a person's existing knowledge can
serve as learning strategies. Self-generated schemes are powerful tools
in learning. Good ones can be useful to other learners, and provide
them an early boost in performance. Furthermore, extensive practice
is necessary to develop skill.

Reading List: Bellezza. F. S& (1981). Mnemonic devices: Classification, characteristics and criteria.
Review of Educational Research, 51(2). 247-275.

Braby. R.. Kincaid. J. P.. & Aagard, 1. A. (1978. July). Use of mnemonics in
training materials: A guide for technical writers (TAEG Report No. 60). Orlando.
FL: Training Analysis and Evaluation Group.
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Encsson. K A.. & Chase. W G. (1982). Exceptional memor%. American Scicnitst.
70(ht)

Le\in. NI E._ & Levin. J. R. (1990). Scientific mnemonomies: Methods for
maximizing more than memory. American Educational Research Journal, 27(2).
301-321

Pressle%. M.. Leun. J.. & Delaney. H. (1982). The mnemonic keyword method.
Ret ew of Educational Research, 52, 61-91.

Williams. S. S. (1979). Improving memory: Developing imagery skills in returning
adult students. Adult Education. 51(5), 286-92.

16. Using Examples and Nonexamples

Finding: Providing students with representative good examples and contrasting
them with bad examples teaches them desired knowledge and skills.

Comments: A problem when developing instruction is presenting of the subject
matter to be learned in a form that promotes student learning. One
technique for accomplishing this goal involves presenting contrasting
examples that are accurate or positive representations and those that
might be. but are nonexamples. Nonexamples refine the definitions or
concepts being investigated by the learner, The contrast develops the
learners' representation or knowledge.

It is necessary to collect a variety of examples that are not ambiguous
or confusing which illustrate the task so the student will understand
the problem being studied and not acquire misconceptions. Each
example must be complete and self-contained. Each should contain
the necessary critical features, or attributes. so the student can
observe their presence or absence to construct adequate
generalizations or representations of the task.

The form and fidelity of each example is important because it must
adequately represent the critical features of the task. Examples
should be as divergent as possible while belonging to the task being
taught. This is done to prevent irrelevant features from being
encoded into the generalization while facilitating the formation of
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appropriate schema. Avoid extreme variations as they make examples
difficult to understand or demand skills the student may not have.
Easier examples should be provided early in the lesson with a gradual
increase in difficulty.

h is important to use attention focusing devices to direct student
attention to critical features, to the confusing features and to the
absence of critical features. Learners tend to respond to similar sets
of stimuli in similar ways even when the response may be incorrect
in one situation. Discrimination is facilitated by exposing learners to
examples paired with appropriate nonexamples which focus on the
critical differences so they may be easily identified.

Just as students learn from their mistakes, they are not harmed
by examples which do not reflect the instruction: instead these
nonexamples refine and clarify definitions and illustrations.

Reading List: Bloom. B. S. (1968). Learning for mastery. In Evaluation comment, 1(2). Los
Angeles: Universiti of California at Los Angeles. Center for the Study of
Esaluation of Instructional Programs.

Gage. E. D. (1985). The cognitive psychology of school learning. Boston: Little.

Brown and Co,

Gaenc. R. M. (1985). The conditions of learning and theory of instruction. New

York: Holt. Rinehart and Winston.

Merrill. M. D. (1987). A lesson illustrating component display theor. In C. M.

Reigeluth (Ed.). Instructional design theories in action. Hillsdale. NJ: Lawrence

Erlbaum.

Merrill. M. D.. & Tennyson. R. D. (1977) Teaching concepts: An instructional
design guide. Englewood Cliffs. NJ: Educational Technology Publications.

Reigeluth. C. M. (Ed.) (1983). Instractional design theories and models: An overvie%
of their current status. Hillsdale. NJ: Lawrence Eribaum.
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FINDINGS ABOUT THE PRESENTATION OF INSTRUCTION

Following course requirements and content analysis. the design of instruction
and the
determination of presentation mode should occur. Presentation decisions
involve instructor availability and skills, student study and listening skills.
homework requirements and testing design.

374
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17. Instructor Classroom Leadership

Finding: Effective instructor leadership in the classroom promotes effective
student learning.

Comments: Instructors lead students to learning by focusing on performance.
presenting well conceived learning objectives, conducting regular.
and comprehensive evaluations of student learning, having high
expectations of all students, and providing a purposeful and peaceful
learning environment.

Instructors should protect minority opinions, keep disagreements
under control. pcint out relationships between various opinions and
ideas. and remind the class of the variety of potential solutions to a
problem.

Instructors can observe each other in the classroom and comment on
their observations. This constructive feedback can help the observed
instructor become more effective and improve morale.

Good classroom management is essential for classes with problem
students such as those who are consistent underachievers, hostile.
aggressive, defiant, easily distracted, socially withdrawn, or rejected
by the other students.

Instructors should give grades that reflect the student's skill or the
degree to which they have achieved the course objectives as measured
by a criterion test. Grades should not be used as disciplinary tools.
When students actively participate in their learning, disciplinary
problems are reduced.

Instructors must help students perceive the instruction as relevant and
interesting, reinforce good behavior, seek friendly personal
relationships with the students, help them develop a sense of right
and wrong. and encourage them to cooperate with other students
and staff.

Reading List: Brophy. J. E. (1985). Classroom management as instruction: Socializing self-guidance
in students. Theory into Practice., 24(4). 233-240.
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Cohen. \I Nlt2). Effccti\c schools; Accumulating research findings American
Ed• •tLOfu . 1811). 13-16

Gold. N , & Mann. D (19,14). Expelled to a friendlier place A stud% o.1 effectnic
alitcrnanttt school. Ann Arbor. MI: The Umversit\ of Michigan Press.

Zemkc. R. S. (19,1. June). 30 Things we know for sure about adult learning
Trainini/HtRD. 18(t)). 45-521

18. Instructor Classroom Role

Finding: Student activities during learning are more important in determining
what is learned than the instructor's presentation. Instructors aid
student achievement by getting students to engage in activities that are
likely to result in learning.

Comments: Typical classroom instruction often places students in a passive role
(such as listening or watching), where they learn less than when they
are actively involved.

Effective instructors do not merely state facts and ideas: they know
how to get students actively engaged in appropriate learning activities
for attaining the desired outcomes. Learning is an active process
in the learner: the instructor's task therefore involves more than
dissemination of information. Instruction must consider factors such
as prior knowledge. the context in which the material is presented.
the uses intended for the outcomes, and the realization that student
understanding of new information depends on how well it relates to
their prior knowledge.

Students often begin learning with substantial misconceptions about
the material they are studying and its intended use. Even students
who get high grades have these misconceptions. Students also make
systematic errors owing to misconceptions or erroneous procedures
based on their current knowledge. The instructor needs to address
the inadequate prior knowledge directly and present instruction likely
to remove the misconceptions and faulty information. The instructor
must understand how current and prior knowledge determines
what the students will learn from new material that conflicts with
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their existing beliefs. Students should be asked to reveal their
mIsconceptions so that the inz:ruction can confront them.

Instructors should set and communicate high expectations about what
students can or cannot learn. Instructor expectations often become
self-fulfilling prophecies as students tend to meet, but not exceed,
instructor expectations. Too frequently intructors communicate
low expectations of students by: (1) seating them in the back of the
classroom, (2) seldom calling on them to answer oral questions, and
(3) allowing them to do less work.

Instructors often function better as facilitators of student learning
than in their traditional role as presenters of ready-madt informatir..
In a cognitively based 'iew ol comprehension-oriented instruction.
the teacher is a mediator who assists learners to construct
understanding about (1) the content of the lecture-text, (2) strategies
for interpreting their instruction, and (3) the nature of the learning
process (reading. listening) itself.

Reading List: Broph.. J. E, (1981). Teache" praise: A functional analysis. Review of Educational
Research. 51. 5-32.

Dole. J. A.. Duff%. G. G.. Roehler, L. R.. & Pearson. P. D. (1991). Moving from
the old to the ney,: Research on reading comprehension instruction. Review of
Educational Research. 61(2). 239-:64.

Office of Technolo., Assessment (1988). PoKer on! New tools for teaching and
learning. Washington. D.C.: U.S. Government Printing Office.

Shuell. T. J, (1986). Cognitive corneptions of learning. Review of Educational
Research. 56(4). 411-436.

Snow,. R. E.. & Lo%,man. D. F. (1984), Toward a theory of cognitive aptitude for
learning from instruction. Journal o( Educational Psychology, 76, 347-376.

19. Teaching Students How to Learn

Finding: The ways students study influence what and how much they learn.
Students can learn effective study strategies.
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Comments: Good students have been found to use study stratevies which can
be taiught to others. Study or learning strategies may affect learner
motivation or the w-a, they select, acquire. organize, or integrate new
knowledge. For example. learners may coach themselves to reduce
anxiety. use imaging to relate vocabulary words and meanings. or
summarize and take notes to memorize written material.

Average and low ability students use these strategies less than high
ability students. Average ability students can learn the skills; however
low ability students may need to be taught when, as well as how.
to use these strategies. Once they have learned the strategies. all
students can study and learn more efficiently, but they often need to
be encouraged to do so.

Monitor and adjust the way thev stud-s based on:
"* Whether they understand difficult material,
"* How much time they have for studying.
"* How much they know about the material.
"* The standards they must meet.
"* Space study sessions on a topic over available time and not to

work continuously on a single topic.

Use the studv strategies appropriate for the learning task. For
example. use rehearsal and self-testing to memorize ordered lists.
take notes that paraphrase a lecture, or organize information in text
by identifying the main ideas and relating them to prior or current
knowledge.

Assess their progress by frequent self-questioning and modify the
strategies as needed.

Example: Training Students How to Learn from Text: Training in techniques for
learning from text materials haF a substantial effect on performance
on tests covering the content studied.

Students given training in how to study text material outperform
students not given training. For example. they were taught how
to make a network map of the information in the text, a spatial
representation of the information and how to paraphrase. to draw
pictorial representations of ideas and concepts in the network. Four
different measures were used to examine the effect of the training.
As can be seen in the figure. the trained students substantially
outperformed untrained ones on essay and short-answer tests. The
histogram bars show how much the scores of the trained students
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C\Vc'eded those ol untrained students. On a "clozc'" its!t ccrs nth
w(rd in the nmateriai is deleted, and the student tries to W] itn the
corrcct \%ord from mernor\ Trained students showed superio
performance on that type of test also. On a multiple-choice lest
trained students superiority was slight. This type of test is not as
usctul a test for examining student learning and understanding.

C-, C

Essoy Short MuLtDe COtze
answer cho~ce

Test -type

Reading List: I)atnscrcau, I) F 1]])8$5). Learning strategy research In J. Segal. S Chipman & R
(.ilascr (1,ds ). Thinking and learning .skills. Vol. 1: Relating instruction to research
(pp 29-2-4(0) Ifillsdatc. NJ Erlhaum Associates.

Djn,,ereiu. D F BtoFik,,kL. W , Holler. C D . & Collins. K. W (19S3)
Learning siratcgics Iraininc !-.fects of sequencing. Journal of Experimnniat
Ldcgan. o l.5 (120 l(ts

)obro,.oln..I. L . McComhs. B L . & Judd. W A. (1980, MarchI Studv skil.4i
pa(kagi, Deihoprnct and esaluation (AFHRL-TR-79-43). BrooKks AFB. TX. Air

Force Human Rcources Laboratory

Weinmstein. C. L. & Mayer. R E. (1986) The teaching of learning strategies In
Ml( C Wittrock (Ed.), Handbook of research on teaching (3rd ed.) New York
Macmillan Publishing Uompany
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20. Instructor Presentation Stimulates Learning

Finding: Students perform best when their instructors inspire them to take an
active role in their learning.

Comments: Good instructors are subject matter experts in what they teach, are
well prepared for student questions. and stimulate student interaction.
Because students can remember only a small amount of material
presented orally or visually, emphasizing the systematic, logical
structure of the material can help students learn and remember. It is
also advisable to present no more than two or three main ideas in a
15 min segment.

Instructors can use techniques to stimulate students to q ume an
active role in understanding what is taught. For example. students
learn best when they receive summaries of the main ideas or goals
of the presentation. Reasons for learning the information, and
illustrations. tables, and charts can be supplied for later study.

Instructors who ask questions and present problems force students
to think of the appropriate answers and generate solutions. To
encourage retention. instructors should review or summarize major
teaching points to remind the students why they are important. To
elicit more active learning in students, instructors can:
"* Ask students to summarize.
"* Involve students by providing obviously wrong information. which

challenges them to think about and discuss their knowledge and
beliefs.

"* Divide students into small groups to get them involved in
discussions.

"* Ask questions randomly during lectures.

Student involvement increases when instructors relate directly relevant
"war stories" or anecdotes and explain their relevance clearly.

When instructors tell students what they are expected to learn and
demonstrate the steps needed to accomplish a task, students learn
better. This "direct instruction" takes the students through the
learning steps systematically, helping them to see both the purpose
and the result of each activity. Direct instruction is particularly
effective in teaching basic skills and in helping experienced higher
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abilitv students master complex materials and develop individual
studv skills.

Reading List: Ros.enshine. B.. & Stevens. R. (1986). Teaching functions In M. C. Wittrock (Ed.),
Handhook of research on leaching (3rd ed.), Ne, York, Macmillan Publishing
Compan%

Rothkopf. E. Z (1981). A macroscopic model of instruction and purposeful
learning. Instructional Science, 10(2). 105-122.

Sullisan. H.. & Higgins. N. (1983). Teaching for competence. New York: Teachers
College. Columbia University.

Thiagarjan. S. 11985). 25 Ways to improve anN lecture. Performance and Instruction
Journal. 24(00. 22-24.

Walberg. H. J. (1984. May). Improving the productivity of America's schools.
Educational Leadership. 41t8). 19-36.

21. Practice

Finding: Opportunity to practice lesson-related tasks promotes learning new
skills.

Comments: Students learn more by doing than by watching or listening. They
should have opportunities to practice the steps of any procedures they
are learning. They should practice the new behaviors in a variety of
situations that represent conditions in which what is being learned
is used.

Instructors need to provide practice opportunities since practice
improves performance. Separate each repetition of identical or similar
drills with other drill activities.

Emphasize the key points during practice to increase the likelihood
that students address and recall these key points. Explicit feedback
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about performance helps students identify and correct performance
difficulties.

The amount of practice required to perform a task correctly usually
increases with the complexity of the task. In very complex tasks.
however, components of the tasks need to be learned and practiced
first and then combined later. For example, in air-traffic control
training students spend much time practicing the entire task.
Acceptable performance levels may not be attained by the end of the
training program.

Sometimes. using the wrong learning strategy prevents learning
with practice, In seemingly simple tasks such as memorizing strings
of digits. students can practice for hours without improving their
performance unless they are shown how to use grouping and coding
schemes to help them learn.

Reading List: Gettinger. M. (1984). Individual differences in time needed for learning: A review of
the literature- Educational Psychologist. 19(1). 15-29.

Schneider. W. (1985). Training high-performance skills: Fallacies and guidelines
Human Factors. 27(3). 285-300.

Sullivan. H.. & Higgins. N. (1983). Teaching for competence. New York: Teachers
College. Columbia University.

22. Peer Teaching

Finding: Peer "teachers" and their students receive higher grades on tests and
develop more positive attitudes toward the courses in which peer
teaching has occurred.

Comments: Peer interaction improves the academic performance and attitudes
of the students who receive tutoring and those who provide it.
Instnrctors can supplement regular classroom and laboratory teaching
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with peer teaching. It helps slower and underachieving students to
learn and succeed in school. The peer teachers benefit from preparing
and giving lessons to other students because they learn more about
the lessons they prepare and present.

Peer teaching can take a variety of forms such as:
* Teacher assistants leading discussion groups. seminars, or tutorial

groups.
0 Senior students assisting individual students (called the proctor

model).
* Student learning groups that are instructor-less or self-directed.

Student coaching usually raises achievement test scores. The effects
arc greatest in longer courses. Short test-taking oriented courses show
the least improvement as a result of coaching methods.

Students bring a lot of invaluable life experiences into the classroom.
which should be acknowledged and used. Students can learn much
from dialogue with respected peers.

Example: Peer proctoring in a Navy technical school substantially reduced
attrition in contrast to attrition in the standard course.

Senior students assisted individual students in learning using the
Personalized System of Instruction (PSI) which is the proctor
model. They made sure that learners did assignments. took tests.
and restudied materials when necessary. The PSI was developed to
assist in college teaching, but has been used in many adult training
situations. PSI courses are mastery oriented, student proctored.
self-paced, and use printed study guides to guide students* studying.
and occasional lectures and discussion to stimulate and motivate the
students. Reviews of numerous studies comparing PSI taught courses
with those taught by standard classroom procedures find substantially
better achievement for PSI students on various tests given during
and after the course, even larger superiority on tests given weeks or
months later, and better attitudes toward the course.

In a Navv technical training program in Propulsion Engineering,
implementation of PSI resulted in a substantial reduction in attrition
as shown in the figure below. The graph shows the number of
students dropped from the course for several months in 1973 when
it was fixed length and primarily lecture-based and several months in
1974 when PSI was implemented.
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Typical behaviors of students involved with peer tutoring:

(1) Almost always more motivated, seem to have increased attention
span and engage in more spontaneous conversation,

(2) More active and involved in their classes-

(3) Participation in learning increases and the nature of their
discourse becomes more analytic and problem-solution oriented -

which results in a large increase in vocabulary;

(4) Increased responsibility for learning (topics, pacing. and
commitment).

Reading List: Assinder, W. (1991). Peer teaching. peer learning: One model. ELT Journal. 45(3).
218-229.

Bangert-Drowns. R.L.. Kulik. J.A., & Kulik. C.C. (1983. Winter). Effects of
coaching programs on achievement test performance. Review of Educational
Research, 53(4), 571-585.

Cohen. P. A.. Kulik. J. A.. & Kulik. C. C. (1982. Summer). Education outcomes
of tutoring: A meta-analysis of findings. American Educational Research Journal.
19(2), 237-248.

Goldschmid. B. & Goldschmid. M. L. (1976). "Peer teaching in higher education: A
review. Higher Education. 5(1), 9-33.

Kulik. J. A.. Bangert-Drowns, R. L.. & Kulik, C. C. (1984). Effectiveness of
coaching for aptitude tests. Psychological Bulletin. 95(2). 179-188.
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McMichael. J. S. Brock. J, F . & Delong. J. (1976) Job-relesant Nass training
and Keller's Personalized System of Instruction: Reduced attrition Journal of

Personah:ed Insiruction. 1( 1 ). 41-44.

Slamin. R E. (1983). Cooperative learning Nev, York: Longman. Inc.

23. Listening Skills

Finding: Students can be taught to improve their listening skills and this will
increase their achievement.

Comments: Students learn more from the act of listening than from any other
perceptual act. While it is widely assumed that learners receive so
much daily practice in listening that formal training is unnecessary.
this assumption is incorrect for many adult learners; many major
corporations. thus. have had to institute listening skills programs. Too
many adults do not perceive much spoken stimuli around them. some
fail to process it accurately and many more fail to remember what
they have heard: too many listeners have bad listening habits.

An individual can be taught to listen! Many learners will achieve
more after formal listening training. As a result, many colleges.
industries and government groups have established classes to improve
learning skills. Learning to listen is difficult. Retraining students to
listen requires cognitive restructuring for learning new concepts and
constant and appropriate application of good listening techniques.
These students must acquire a positive attitude about learning to
listen and generate determination toward this end to improve their
listening habits.

There appear to be seven productive listening techniques which an
instructor can teach to students:
0 Generate interest in the speakers topic. Look at the speaker.

Study the body language - does it support what the speaker says?
Show the speaker your interest by your body language (reflective
listening).

* Adapt to the speaker's appearance and deliver%.
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* Adjust to distractions. Your biases can restrict your perception.
Abstain from fakine attention and pretending to listen.

* Listen for the concepts and major ideas instead of facts.
* Listen to difficult expository material carefully. Then, interpret.

evaluate and remember the most significant major points (or facts)
b% writin2 them down or memorizing them.

* Listen to the entire message before judging and refuting. Avoid
interruptions or asking questions which disrupt the speakers
presentation unless the speaker encourages interaction - or
begins to ramble. Ask necessary questions after the idea has been
presented.

These skills can be learned as a result of participating in exercises
intended to refine these skills. After listening to a prerecorded
tape focusing upon one or more techniques. checklists are often
useful to help the learner focus on what they didn't perceive or
their misconceptions. Instructors can function as facilitators of
student learning. in addition to their traditional role as presenters of
ready-made information, by teaching them to listen.

Reading List: Burlc -Allen. M. (1982) Listening. The forgotten skill. NY: John Wiley & Sons.

Montgomery. R. L. (1981). Listening made easy, New York: AMACON.

Miurph%. K. J, (1987). Effective listening: Your key to career success. New York:
Bantam Books.

Stewart. J. (Ed.) (1986). Bridges not walls: A book about interpersonal
communicattons (4th ed.). NY: Random House.

Wolff, F. L., Marsnik. N. C.. TaceN. W. S.. & Nichols. R. G. (1983). Perceptive
listening. New York: Holt. Rinehart & Winston.

24. Homework Assignments

Finding: Student performance improves significantly when instructors regularly
give out-of-class assignments, make sure they are completed, and give
explicit feedback about the adequacy of the completed assignment.
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Comments: Students learn significantly more from their assignments when
instructors write comments and grades on student papers.
Furthermore, students in courses that require out-of-class assignments
learn more than do students in courses without such assignments.
The time students spend on relevant out-of-class assignments benefits
them as much as in-class learning time.

Instructors can use out-of-class assignments to increase practice.
which can be especially helpful for lower achievers. Low ability
students who spend several hours on out-of-class assignments often
obtain grades as high as students with greater ability who do no extra
assignments. These assignments boost student achievement because
they increase total study time. which influences how much a student
learns. This can be helpful for all students, but may be especially
important for those who are lower achievers.

Students are more willing to do assignments they consider useful.
To benefit student learning, instructors can give the same care to
preparing the out-of-class assignments as they give to classroom
instruction, treat them as an integral part of instruction, evaluate
them. and count them as part of the course requirements.

Reading List: Graue. M. E.. Weinstein. T.. & Walberg. H. J. (1983). School-based home
instruction and learning: A quantitative synthesis. Journal of Educational
Research. 76(6). 351-360.

Paschal. R. A., Weinstein, T., & Walberg. H. J. (1984). The effects of homework
on learning: A quantitative synthesis. Journal of Educational Research. 78(2),
97-104.

Walberg. H. J. (1983). Educational achievement and economic. Daedulus. 112(2).
1-28.

Walberg. H, J. (1983). Synthesis of research on teaching. In M. C. Wittrock

(Ed.), Third handbook of research on teaching. Washington, D.C.: American
Educational Research Association.

Walberg. H. J, (1984). Improving the productivity of American's schools.
Educational Leadership. 41(8). 19-36.

Yeshurun. S. (1973). A reinforcement study on service courses in mathematics
and statistics. International Journal of Mathematics Education in Science and
Technology. 4(2). 127-132.

61



W E. MONTAGUE and F. G KNIRK

25. Testing Student Learning

Finding: Frequent. systematic testing and assessing of student progress informs
students about their learning and instructors and managers about
strengths and weaknesses in student learning and the instruction.

Comments: Instructors test students and assess their work to learn what students
already kno\w and what they need to learn. They use various means,
including observing laboratory exercise performance. giving oral
quizzes and tests. assigning homework, asking questions in the
classroom, and giving comprehensive performance tests.

Student errors on tests and in class alert instructors to learning
problems that need to be corrected. Student motivation and
achievement improve when instructors provide prompt feedback on
their performance and assignments. "Teaching to the test" provides a
good alignment between objectives, content and a test as long as the
test examines the performance desired. The test should not focus on
criterion-referenced items but upon primary application requirements
found in-the-world.

In technical training, assessment should be as job-like as possible.
This means emphasizing hands-on performance tests. limiting
pencil-and-paper tests to safety and knowledge critical for job
performance. and stressing open-book testing in which students
use manuals and other references normally available on-the-job.
Frequently tested students outperform less frequently tested ones in
the classroom.

Students generally take either knowledge or performance tests.
Knowledge tests help instructors find out if the students have learned
information important for safety and knowledge important for
performance.

Performance tests enable instructors to determine student
competence, and identify student and instruction problems. The
instructors biggest concern with testing is to identify what the students
do not know. Performance difficulties often indicate gaps in student
knowledge. and their explanations of their actions or answers to
questions can confirm an instructor's inference.
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Reading List: Bangert-Dro'sns. R. L. et al. (198•. April). Effects of frequent classroom testing.
Paper presented at the Annual Meeting of the American Educational Research

Association. San Francisco. CA.

Ellis. J. A.. & WVulfeck I1. W. H. (19861. Criterion-referenced measurement
in militar% technical training. In J. A. Ellis (Ed.). Militars contributions to
instructional technology (pp, 60-82). Ne%, York: Praeger Publishers

Ellis. J A.. Knirk. F. G.. Taylor. B. E.. & McDonald. B. A. (1987 March).
The course evaluation s %stem. San Diego, CA: Navy Personnel Research and
De'elopment Center

Roid. G.. & Haladna. T. (1982). A technology for test item writing. New York:
Academic Press.

Samson. G. E.. Graue. M. E.. Weinstein. T., & Walberg. H. J. (1984). Academic

and occupational performance: a quantitative synthesis. American Educational
Research Journal. 21(2). 311-321.

Shepard. L. A. (1991). Psychometricians' beliefs about learning. Educational
Researcher. 20(6). 2-16.

26. Giving Feedback to Students

Finding: Students who receive constructive feedback about the accuracy and

adequacy of their performance become more interested in the class and
learn more.

Comments: Giving constructive feedback to students about the adequacy
and accuracy of their actions is an effective way for instructors to
aid student learning. Timely comments about their performance
provide important recognition of their effort and help correct
errors. Feedback for retrieval and application of specific knowledge
stimulates the correction of erroneous responses where its reception is
encouraged.

No one method is best for providing feedback to students, but
instructors can follow some useful general rules. Whether or not an
answer is correct. the feedback should be prompt and provide useful
information. Even after a correct answer, feedback emphasizing the
method used to get the correct answer reinforces the solution and, if
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other students are onlookers, they can understand why the answer is
correct.

Instructors should give nonspecific praise and criticism infrequently
and. even then. base it on the quality of student performance. It is
better to explain correct or incorrect performance than to give only
the correct answer or to judge the student performance. Feedback
should routinely tell students when they are incorrect, but should
focus on the content and explain how to reach the correct answer.
Critical feedback. written or spoken, should be given in private and
not in front of the class.

By giving constructive, timely feedback. instructors can reinforce and
help students develop positive self-esteem as well as improve their
performance. Students who believe they can succeed are usually
more successful than those who are less sure of their ability. Usually.
students who believe they can succeed are more active learners, work
independently. cooperate with other students, and achieve more.

Recent research suggests that feedbback can be overdone. A
committee of The National Research Council reported that too much
feedback from instructors may be bad for long-term performance.
While feedback is an essential part of learning, it occurs naturally
when a learner practices. Augmented feedback from instructors
- such as telling a trainee what he or she is doing wrong on each
attempt - can be excessive. Reducing augmented feedback to
perhaps once in every' five trials may even improve performance.

Feedback within programmed materials also seems to positively affect
learning. Mediated intentional feedback for retrieval and application
of specific knowledge appears to stimulate the correction of erroneous
responses in situations where its mindful reception is encouraged.

Reading List: Bangert-Drowns. R. L., Kulik. C. C.. Kulik. J. A., & Morgan. M. T. (1991)
The instructional effect of feedback in test-like events. Review of Educational
Research. 61(2). 213-238.

Brophy. J. (1981). Teacher praise: A functional analysis. Review of Educational
Research. SI(1). 5-32.

Brophy. J._ & Good. T. L. (1986). Teacher behavior and student achievement- In
M. C. Witirock (Ed.). Handbook of research on teaching (3rd ed.. pp. 328-375).
New York: Macmillan Publishing Company.

Carisen. W. S. (1991). Questioning in classrooms: A sociolinguistic perspective,
Review of Educational Research, 61(2). 157-178.
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Crooks. T. J. ( 198S,). The impact of classroom evaluation practices on students.
Re it-i of Educational Research. 58(4). 438-481

L,,jkowski. R. S.. &- Walberg H. J. (1981)- Classroom reinforcement and learning.
.-\ quantitati•,e synthesis. Journal of Educational Research. 75(2). 69-77.

Orlich. D (1"g,5). Teaching strategies. a guide to better instruction. Lexington. MA:
Heath and CompanN.

Sscrs. J. & Bjork. R. (1990. March). Enhancing human performance: An evaluation
of "Ne%% Age" techniques considered by the U.S. army. Psychological Science.

1(2). 84;-96.
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FINDINGS ABOUT THE EXPLOITATION OF INSTRUCTIONAL TECHNOLOGY

Decisions concerning the use of instructional technology need to be made
as a part of the curriculum design process. A decision to use an instructor,
computer. listance learning program. and/or other media represents
major cost. instructional lesign and time-to-implementation commitments.
Individual student-oriented simulations, gaming. and virtual reality decisions
permit the integration of many skills in a manner that is impossible with
more traditional group-oriented media. Distributed instruction may permit
a significant reduction in training costs compared to alternative media.
Instructional technology can be exploited in many ways to improve the
learning process.
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27. Cost EtTecti~eness

Finding: Consistent and credible evaluations of cost-effectiveness must justify
an% plans to substitute alternative instructional programs for those
no" in use.

Comments: Because of the rapid decline in the cost of computer-based and
communications technologies during the last decade. they are
attractive alternatives to the conventional lecture method of providing
instruction for man\ types of programs. Interactive videodisk
instruction, for example. has been found to significantly increase
learning and decrease learning time in both industrial training
and in higher education. The interactive video training was also
less expensive than traditional instructional methods. These cost
savings are fol:.nd only if the teacher-pupil ratio is increased. If the
traditional components and processes (T/P ratio. grading procedures.
classroom sizes. fixed length of class periods) are unchanged when
these media-based systems are introduced, the new technology merely
increases the already high cost of instruction. To offset or justify
the cost of the technology, benefits should be demonstrable. For
example, instructor productivity or the number of students graduated
in a time period should increase, student performance should improve
substantially, or administrative burdens over the life of the system
should be reduced. Such changes require good management planning
as well as changes to the instructional program.

The decision to implement a particular instructional program. course
or device or to change an existing one rests upon identifying all
the costs of all the alternatives such as the cost of research and
development, all personnel costs in development, the development
as well as delivery costs of all versions of the equipment. the cost
of running the implementation for the life of the system including
operation and maintenance. Then, if the instructional systems
demonstrate about the same effectiveness, the one that costs
less might be preferred. Substantial, demonstrated differences in
instructional effectiveness might justify choosing a more costly
system. Both cost and effectiveness must be considered explicitly in
analysis conducted to enable selection among alternative instructional
programs, courses, or devices to fulfil a specific need.
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Cost-effectiveness of instruction can be improved by the use of
in,,tructional technology even if it often entails additional personnel
costs to select/evaluate, design, and revise, these materials. The
important related questions involve a discussion of whether or not
to use computers. to the more relevant question: how to assign and
implement the appropriate interactive technology in specific classes.

Reading List: Fletcher. J C . Hajkle D E.. & Piele. P. K. (1990). Costs. effects, and utility of
microcomj uter assisted instruction in the classroom. American Educational
Rc.search Journal. 27(4). 78.-8406.

Fletcher. J D. (19140). Effectiveness and cost of interactive videodisc instruction in
defense iraining and education. IDA Paper P-2372. Alexandria. VA. Institute for
Detensc Anal\,i,.

Knapp. N1 I . & Orlansk\. J. (1983. November 4 A cost element structure for defense
trainine (IDA Paper P-170)9). Alexandria. VA. Institute for Defense Analysis.

Orlansk\. J.. & String. J. (1981. Second Quarter) Computer-based instruction in
military training. Defense Management Journal. 18(2). 46-5-4.

Niemiec. R. P & Walberg. H. J- (1987). Comparame effects of computer-assisted
instruction. A synthesis of reviews. Journal of Educational Computing Research.
3. 19-37.

28. Programming Instructional Presentation

Finding: Instructional materials can be organized systematically, can be
presented by various media, and are more effective than conventional
classroom instruction.

Comments: Structuring instructional materials by dividing them into learnable
segments. determining their presentation order, and requiring
students to pass tests to demonstrate their comprehension before
allowing them to go to new material works about as well as
conventional methods. Structured instructional materials, or
programmed instruction, also provides students with an opportunity for
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self-paccd stud%, which can save considerable training time. and can
be distributed to remote locations as alternatives to lectures.

Sequences of instruction are designed to require an active response
from students before new information is presented. Students
get immediate feedback telling them whether the response was
correct. Sometimes branching enables students to omit material
they already know. If students make errors they may be required
to study segments again. This method of organizing and presenting
information can be used to deliver instruction on various media
such as computers. workbooks, or lectures. Many computer-aided
instruction (CAI) programs are examples of structured instruction;
others use simulation or gaming techniques.

Students who progress through the materials at their own rate
complete the materials in about one-third less time than do students
who attend conventional courses.

While some students will learn a particular task regardless of the
delivery medium. others take advantage of a medium's specific
characteristics to help construct knowledge. For example, the
serial processing of linguistic and pictorial information in books is
influenced by the medium. The information provided by television
is influenced by the simultaneous presentation of its symbol systems
and the information coded in it. Computers influence learning with
their ability to dynamically represent formal constructs and institute
procedural relationships under the learner's control.

Reading List: Kozma. R. B. (1991). Learning with media. Review of Educational Research, 61(2).
179-211.

Kulik. C. C., Schwalb. B. J._ & Kulik. J. A. (1982). Programmed instruction in
secondary education: A meta-analysis of evaluation findings. Journal of Educational
Research. 75(3). 133-138.

Orlansky. J., & String, J. (1981. Second Quarter). Computer-based instruction for
military training. Defense Management Journal, 46-54.

Tobias. S. (1973). Sequence. familiarity, and attribute by treatment interactions in
programmed instruction. Journal of Educational Psychology, 64, 133-141.
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29. Programmed Instruction Workbooks

Finding: Programmed training materials reduce training time about a third
compared with standard instruction without affecting student
achievement.

Comments: Aristotle said. "We learn when what we do has reinforcing
consequences." Reinforcement is basic to programmed instruction
(PI). PI presents information in a structured manner congruent with
current learning theories. PI emphasizes graded difficulty, corrective
feedback and self pacing. The PI procedure is often equated with the
general concept of "'instructional design."

The basic steps in developed PI materials are: (1) Perform a task and
learner analysis: (2) develop behavioral objectives: (3) write and edit
materials in accord with current learning theories: and (4) Perform
empirical testing and revision until the objective "conditions" and
".standards" are met - or until the materials are rejected.

Programmed instruction usually results in equivalent learning in from
one-half to two-thirds the time required to lecture the equivalent
material, or. as learning time is increased, the standards tend to be
exceeded.

PI tends to be cost-effective, even given the large front-end
development effort, because instructors can monitor more students
so instructor costs may be reduced. Where students are either at
multiple sites or where they may be available to start instruction over
a period time. PI permits additional time savings by permitting them
to start instruction "on demand" because of its self-pacing character.

The use of individualized "programmed materials" allows an
instructor to help specific learners with their unique problems - thus
potentially increasing the quality of instruction.

Reading List: Bullock. D. H. (1978). Programmed instruction. Englewood Cliffs, NJ: Educational
Technology Publications

Goldstein, I. L. (1986). Training in organizations: Needs assessment, development,
and evaluation Belmont. CA: Wadsworth.
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Skinner. B. F. (19Stn Proigram instruction revisited. Phi Delta Kappan. 68(21.

10,3-1 10

Rutkdus. M A, (1QS') Remember procrammed instruction? Educational

Technoloh . 27(10). 4tý-48.

30. Computer-Based Instruction

Finding: Computer-based instruction teaches students the same content as well
as or better than a regular classroom situation, usually in less time.

Comments: A review of nearly 200 studies comparing computer-based instruction
(CBI) with conventional elementary. secondary, and college
classroom instruction found that computer-based instruction
raised student achievement significantly. gave students a better
appreciation of technology, improved student attitudes toward schools
and teaching and helped teachers manage instructional time. A
review of 40 studies comparing military classroom instruction with
computer-based instruction found that CBI student performance
achievement improved in 15 cases, remained the same in 24 cases
and became worse in 1. In addition, students completed the CBI
lessons in about 30% less time than that allotted for the conventional
courses. This finding may be important where students are paid and
training time needs to be as brief as possible. This evidence tends to
verify the suitability of computer-based training in the military.

Th, se effectiveness and efficiency gains did not result simply from
using computers in instruction but from imposing a systems approach
for design on the courses and allowing students to progress at their
own learning rates. In military courses where course materials and
tests already address training objectives derived from job-task
analysis. gains in student performance would not be expected,
although time savings compared with the length of conventional
courses would be expected. Therefore. careful planning is necessary
before deciding to use computer-based instruction in each situation
and. only if cost-effectiveness evaluation justifies its use. should it be
adopted.
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Sequence-, of instruction are designed to require an active response
from stutlents before ne" information is presented. Students
aet immediate feedback telling them whether the response was
correct. Sometimes branching enables students to omit material
the, alrcadý know. If students make errors they may be required
to stud, segments again. This method of organizing and presenting
information can be used to de!iver instruction on various media
such as computers. workbooks, or lectures. Many computer-aided
instruction (CAI) programs are examples of structured instruction,
others use simulation or gaming techniques. Computers have
the capability of creating dynamic. symbolic representations of
noncorcrete. formal constructs which are frequently missing in the
mental models of novice learners. Learners can manipulate these
representations on computers to work out differences between their
incomplete, inaccurate mental models and the formal principles
presented via the computer.

Students who progress through the materials at their own rate
complete the materials in about one-third less time than do students
who attend conventional courses. Better yet. studies of students
usin, computers for instruction, show that students learn at least as
well. or better. when paired at a computer as they do by working
b- themselves on a computer. Students who use CAI for drill and
practice in pairs perform better than students who use the same
program individually. Learner attitudes toward their class-mates
also improves when they are paired. Cooperative learning promotes
positive feelings of personal worth and positive attitudes toward the
course content: low ability students who study mathematics in pairs
usually have reduced anxiety toward mathematics. The pairing of
learners makes CAI relatively cost effective.

Learners prefer having an instructor present the instruction. partly
because they have learned to learn in a lecture situation. The% prefer
sitting in a classroom with a human being who can listen and respond
rather than sitting in a media carrel with a computer terminal or a
slide-tape program. Student attitudes toward the content, however,
do not vary much in either situation.

On-line CBI is as effective as classroom-based lectures when
computer communication (electronic conferencing/electronic mail)
between faculty and students is possible. The Virtual Classroom
project involving several courses at the New Jersey Institute of
Technology and Upsala College found that students were more
actively involved in the computer classes and attitudes were increased
with no measurable differences in learning.
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Example: In miliar\ training courses, computer-based instruction has been
found to be at least as effective as standard lecture courses and
students complete them substantially faster. The following figure.
taken from Orlanskv and String (1979). provides a graphic summary
ot a review, of 40 research studies comparing the effectiveness of
computer-based and standard training in the Navy. Army, and Air
Force. Fifteen studies reported higher achievement for students
in the computer-based courses, and 36 reported that students in
computer-based courses finished in less time.

E 5 '
z

POO'e. Some Better -40 -20 0 20 40 60 8Do 00

Acn•evemer~t Percent time saved

Reading List: Fletcher. J. D.. Hawley. D. E., & Piele. P. K. (1990). Costs. effects, and utilits of
microcomputer assisted instruction in the classroom. American Educational
Research Journal. 27(4). 783--806.

Kozma. R. B. (1991). Learning with media. Revtew of Educational Research. 61(2).
179-211.

Mevarech. Z. R.. Silber. 0., & Fine. D. (1991). Learning with computers in small
groups: Cognitive and affective outcomes. Journal of Educational Computing
Research. 7(2). 233-243.

Orlansky. J.. & String. J. (1979, April). Cost-effectiveness of computer-based
instruction in military training (IDA Paper P-1375). Alexandria. VA: Institute for
Defense Analyses.

Rogoff. B.. & Lave. J. (1984). Everyday cognition: Its development in social context.
Cambridge. MA: Harvard University Press.

Whvte. M. NI.. Knirk. F. G.. Casey,' R. J., & Willard. M. L. (1991). Individualistic
versus paired cooperative computer-assisted instruction: Matching instructional
method with cognitive style. Journal of Educational Technology SYsterns. 19(4).
199-31l
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31. H.% pertemt.Based Instruction

Finding: The use of random access computer technologies, like hyvpertext.
makes practicable new forms of nonlinear and multidimensional
learning and instruction better suited to conveying complex content.

Comments: Traditional methods of instruction as lectures, textbooks. and
vidý tapes rely on linear presentation strategies. For subject matter
which is well structured and relatively low in objective taxonomies
these linear methods are adequate. For complex content which is
ill-structurca the unidimensionalit' of linear structures is not efficient.
Instructional techniques which allow a degree of random access to a
variety of media can be very efficient.

The need for hypertext-based instruction has been demonstrated
in such diverse areas as literary comprehension and interpretation.
biomedical cognition. history. and military strategy. In literary
stud\ the mere chronicling of events is not sufficient. a literary
Work usually contains many themes and symbolic structures which
lend themselves to study in diverse ways, be relevant at irregular
intervals and allow the study of intricate patterns of various
themes. Tranmfer-related objectives are often made possible by this
technology. This random-access form of instruction may alert students
to the hazards of oversimplification and to prepare them to deal with
complexity a,.-.,s content domains.

The role of the student-user is one of active participant and explorer
within the "data-base" as opposed to relatively inactive listener.

Instructional design of hypertext-based materials varies from
traditional instructional development activity. Many hypertexts are
based on small. relatively uncomplicated case-studies which can be
thoroughly explored by the user. By overlaying more points of view
on the same content materials permits an incremental buildup of
a picture of interrelations among the thematic perspectives. Many
instructional units will not have a "solution" but will retain an
openness of data interpretation - right and wrong is often hard to
determine in the real world. Two of the major problems of hypertext
instructional systems involve the labyrinth of content connections and
the need to prestore their links.
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Reading List: Biralou. L. \ 19NT Insability of graded structure Implication,, for the nature of
conccpts In L' Nc•scr (Ed Concepts and conceptual development £(ological
and intellectual ifctors in categorization (pp. 101-140). Cambridge Cambridge
L'ni\ersit\ Press

Foltkimch. P, J.. Spiro. R. J.. & Coulson. R. L. (1989) The nature of conceptual
understandine in biomedicine: The deep structure of complex ideas and the
de\elopment of misconceptions. In D. Evans & V. Patel (Edsj. The cognitive
sciences in inedzicne (pp 113-172). Cambridge. MA: MIT Press.

Jonassen. D. H (Ed.) (199))) Designing hypermedia for learning. Ne%, York:
Sprtnger- Verl;Ag

Spiro. R. J.. & Jehng. J. (1990) Cognition. education, and multimedia: Exploring
ideas in high technologý. Hillsdale. NJ: Lawrence Erlbaum Associates.

32. Visual Representations for Learners: Television/Interactive Video/Videoteletraining
(VTTI

Finding: A lecture delivered using instructional television is about as effective
as a live instructor. Television works better than an instructor-based
system when realistic visuals are required to master the content.

Comments: Interactive video instruction (IV) is an effective form of instruction.
The effects of using interactive video instruction is similar to that of
computer-assisted instruction.

Visual attention is positively influenced by "'formal features- such as
different types of voices, laughing. sound effects, music, and visual
movement (high physical activity, animation. cuts, zooms. pans).
The combined use of visual and auditory symbols result in more
viewer/learner recall than visual-only or audio-only presentations;
when presented together each source provides additioi.al,
complementary information. In video presentations. the linguistic
information should be presented simultaneously with, or just
following, the visual information. Video viewers seem to use their
prior domain knowledge to process information at the presentation
speed and supplement information they miss or do not understand: if
the topic is unfamiliar they will have little supplementing information
in long-term memory and the pace of the presentation may easily
exceed their capacity to process the presentation (and learning
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w-ill fail to occur). Pacing should reflect the skill level of the video
presentations intended audience.

There are differences in student achievement between conventional
grouped instruction and IV. The effects of learning from interactive
videodisk-based training systems is also a little different than that
resulting from noninteractive videotape-based systems. It appears
that when comparing IV instruction with noninteractive instruction.
or conventional instruction, that achievement may improve by as
much as 15 percentage points, based on 24 military studies, while
14 studies in higher education raised the achievement by 25 points.
Many of the studies favoring group instruction seem to be explained
by factors such as decisions made by the teacher relative to the
amount of practice, the extent and kind of feedback, and the nature
of rcmediation procedures.

External. program controlled interactive video instruction appears to
be more effective than learner-controlled IV. IV is best accomplished
when it is structured and provides guidance as opposed to being
primarily under the control (pacing, sequence of instruction) of the
students.

Live video presentations. video taped lessons, video distance
learning and interactive video courses often provide time and cost
effective alternatives to traditional instructional procedures. Video
presentations. like all other presentations, are delivery systems for
communicating course content and are not ends in themselves.

Both live television courses and video taped lessons provide effective
alternatives to conventional instruction for most learners and most
course content. In many cases where the instruction is provided
b\ video distance learning techniques, the method is very cost
effective: it eliminates most travel and per diem costs (a major
cost consideration) while increasing instructional hardware and
communication costs (moderate cost items), In addition, this form
of communication allows course managers, instructional developers
or other instructors to easily monitor the quality and uniformity
of lessons before (if they are recorded) and during the broadcast
presentation.

Interactive video courses have shown they will often increase student
learning and/or decrease learning time and/or decrease training costs
as compared to traditional training methods. Interactive videodisk
instruction is more effective the more the interactive features of the
medium are used. The method is equally effective for knowledge and
performance outcomes.
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Vtdeotcletraining (V'TTr) systems are extensively used in higher
education, industrial training and in the military. VIT providesý a low
cost alternative for providing remote instruction. VTT maý involve
the use of videotapes, interactive videodisks or audiographics. The
biggest problem in using VTI involves obtaining adequate audio
feedback from the students to the instructor. VTT. like most other
instructional television-based instructional systems works at least as
well as conventional training methods for most courses.

Reading List: Baile\. S. S.. Sheppe. Nt. L.. Hodak. G. W.. Kruger. R. L.. & Smith. R. F.
(19s9L). Video teletraining and video teleconferencing- A review of the literature.
Technical Report S9-036: Naval Training S~stems Center.

Carl. D. L. (lt1).9 Electronic distance learning: Positives outweigh negatives.
T. H. E. Journal. 18010). 67-7(0.

Fletcher. J. D. (1V9(I) Effectiveness and cost of interactie videodisc instruction in
defen.e training and education. IDA Paper P-2372. Alexandria. VI: Institute for

Defense Analyses.

Kozma. R. B. (1991). Learning with media. Review of Educational Research. 61(2).
179-211.

McNeil. B. J.. & Nelson. K. R, (1991). Meta-analvsis of interactive video
instruction: A 10 %ear review of achievement effects. Journal of Computer-Based
In.structton. 18( 1). 1--6.

Pugh. H. L.. Parchman. S. W.. & Simpson. H. (1991). Field suv'ey of videoteletratning
systems in public education, industry. and the militarv (NPRDC TR-91-7). San
Diego. CA, Navy Personnel Research and Development Center.

Salomon. G.. & Gardner. H. (1986). The computer as educator: Lessons from
television research. Educational Researcher, 15(1), 13-19.

33. Simulations and Simulation Games

Finding: Simulations and simulation games provide effective instruction in
complex skills as substitutes for instruction on equipment in the actual
performance environment.
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Comments: Instructional simulations abstract portions of a real environment
in order to provide instruction that otherwise would require an
actual. 'hands-on- performance situation. The real situation ma\
be dangerous (e.g.. practicing how to react to nuclear powerplant
malfunctions). distant (e.g., transporting the learners to the moon
to experience the effects of its gravity), expensive (e.g.. using a
fliiht simulator to practice aircraft landings without the expense
of operating an aircraft), or politically sensitive (e.g.. learning
the communications and other problems involved when a local
community, and government agencies confront industrial pollution).
Computer-based devices are often used to provide the simulation.
The, range in realism, from high fidelity (e.g.. regarding the visual
and motion systems of the actual tasks) to (lower fidelity) abstract
symbolic representations of actual tasks or partial tasks. A simulation
game can also vary in realism, but adds an additional set of rules to
introduce competition and determines a winner or winners.

Simulation devices provide learners with situated learning that
exercises the cognitive and physical activities of the real task.
Whether the physical actions need to exactly duplicate those of the
real task is an important issue for design because that requires high
physical fidelity at considerable cost. Research has shown that lower
fidelity devices can provide learning that translates into good job-task
performance. Recent research emphasizes a psychological. conccptual
fidelity as the primary dimension to consider rather than physical
fidelitv.

As an example. simulations provide students with self-contained
"-micro-worlds". such as representing on a computer screen a
frictionless world where the laws of Newtonian physics are more
apparent, one in which the learner can experiment and quickly see
results. Learners can test abstract concepts and experiment with
scientific processes that are not feasible or are too dangerous for
actual classroom work (such as the operation of a ship's propulsion
system). Simulations are also effective tools for training police
how to manage social or other sensitive problems. By playing the
role of world leaders or citizens in other countries, for example.
trainees can engage in high level critical thinking, gain a better
understanding of political affairs, and appreciate different perspectives
on sensitive issues.

Instructional simulations and games provide situated. authentic
forms of practice. feedback about errors. depict how a device or
s,,stem works, and can motivate learning while avoiding physical
danger and temporal constraints. In addition, simulations can use
stratcgics cffective for supporting student learning about the task. For
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example. rather than simply replicating the timing of real events. in a
simulation timing can be slowed for the new learner, and speeded-up
later. Explanations can be given at decision points to support
learning, and tc correct errors. Normally invisible events or processes
can be made visible to promote understanding, such as showing the
flowN of electrons in devices. Therefore, at times, simulations may be
preferable to instruction in the actual performance situation.

Simulations intended to instruct novices may need to be designed
quite differently than those intended to provide practice or retraining
for moderately competent students. Novices need extensive guidance
and precise corrective feedback to reduce their !rrors, while trained
students may hone their skills ana broaden their knowledge of new
and unusual situations/cues/events that may be encountered in the
".'real world." New learners need simplified examples of problems to
facilitate their learning. The effectiveness of a simulation results from
the instructional methods incorporated into the device that support
student learning rather than from any simple physical or functional
similarity to an actual device. Thus. the design decisions are based.
for example. on ways to isolate, or discriminate cues, and ways to
provide time-compressed practice for skill development.

An instructional simulation game is like a simulation but has an
additional set of rules (often mathematical) to identify a winner or
winners. These games which have individuals compete against each
other are motivating for many learners and are good at teaching
objectives involving procedures and decision-making or psych--motor
development. Adventure games, as opposed to more instructionally
oriented games. seem to have limited application in the classroom
beyond overcoming a users fear of computers and helping them to
understand how to operate the machine.

Reading List: Alessi. S. M. (1988). Fidelity in the design of instructional simulations. Journal of
Computer-Based Instruction. 15(2). 40-47.

Blaiwes. A. S.. & Regan. J. J. (1986). Training devices: Concepts and progress. In
J. A. Ellis (Ed.). Military contributions to instructional technology (pp. 83-170).
New York: Praeger Publishers.

Grabe. M., & Dosmann, M. (1988). The potential of adventure games for the
development of reading and study skills. Journal of Computer-Based Instruction.
15(21. 72-77.

Office of Technology Assessment (1989). Power on! New tools for teaching and
learning VWashington. D.C.: U.S. Government Printing Office.

79



4I~f W E MONTAGUE and F G KNIRK

34. Distribut',d or Distance Instruction

Finding: Students not at formal schools can interact with instructors through
modern communications technology such as networked computers or
through an instructional television network.

Comments: Through instructional electronics networks, apprentices, alone or
in small groups. can learn skills and knowledge where they will use
them. A telephone computer network controls audio or electronic
exchanges betwveen students and instructors, while satellite, cable. or
cassettes deliver video if needed. Participants can work on problems
peculiar to their own situation when their scheduled work allows.
\s•riations are possible: for example. participants can delay the
interactions by storing questions, answers. and comments until they
have time to address them.

Microcomputers can also serve as terminals to remote data banks and
network members. Through telephone connections aid a centralized
message work'space. learners can ask questions or propose solutions
to other members sharing the network.

Several sound educational benefits result from distributed instruc:,in:
* Enables beginning apprentices to observe interchanges between

more experienced apprentices and instructors and to develop their
skill in appr-aching problems gradually.

* Reaches learners where and when the training is ,- --led.
• Shifts more responsibility for acquiring the skill from the trainer to

the learner.
* Individualizes studying and increases student interaction with

materials.
* Uses the learner's and trainer's time more productively.
* Saves trave! time, cost, and time away from the job.

Reizding List: Bergman. R. E. (1981). Technology and training: The shape of tomorrow's seminar.
Performance and 1nstrucrir . 20(9), 17-20.

L i. J. A . Riel. Miy'ake, N., & Cohen. M. (1987). Education on the electronic
irontier: Teleapr.entices m globally distributed educational contexts. Coniemporar-y
Educrc- 'il Psvcholog). 12(3), 254-260,

Nextman. D. (1987). Local and long distance conr: iter networking for science
classrooms. Educational Technology. 27(6). 20-23,
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35. Job Performance Aids

Finding: Job performance aids are effective training devices for skill
de• elopment.

Comments: Job aids differ irom training aids in that training aids are documents
or devices designed to encourage learning of particular skills
or knowledge. whereas job aids are designed to assist in the
performance of work activtiest in the work environment. But. job
aids can help learners become proficient at a task. fulfilling an

instructional role.

Job aids serve in many roles including maintenance and/or

troubleshooting tasks. cueing,. analogs, and examples. Job aids that
serve as procedural models typically provide step-by-step directions
for accomplishing an objective, whereas those whose purpose is to

provide performance cues are designed to provide signals to act in a
specific way without complete step-by-step directions. Job aids serving
an associative role are often designed to enable the user to look up
data relating to an existing piece of information.

The effectiveness of job aids have been demonstrated in many
situations and tasks conditions. In one case a job aid was developed
for a sophisticated radar system and was to be used by low-aptitude
novice maintenance technicians. A comparison was made to
determine the time saved by technicians who used the job aid versus
those who used the conventional manuals which already existed for
the system. The novice technicians using the job aids were capable
of reducing the time required to isolate and correct a malfunction by
as much as 50% over the time required by highly trained technicians
using conventional procedures.

To design a job aid the following procedure should be considered: (1)
Identify the tasks elements for which job aids should be considered.
(2) determine the job aid functional characteristics which will enhance
the performance of each task element, (3) specify the physical

design characteristics required of the aids to carry out the necessary
functio,,s, and (4) evaluate, modify, and update the resulting aids.
The evaluation step is a critica; element in the design process as it
provides feedback to the designer a,- to the effectiveness of the job

aid- A set of criteria that can be used for evaluating job aids which
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a-c essentiall\ applicable to any information presentation strategY are:
Comprehensiveness. degree of prescription. reliabiJti/validitý. user
opinion. and cost.

Example: The Air Force has developed the "fully proceduralized" job
performance aids or JPAs. A salient feature of fully proceduralized
JPAs is that they are entirely job-oriented and provide illustrated
step-by-step instructions for the performance of linear tasks, that
is. tasks whose sequence of steps never vary, such as cleaning.
lubrication. inspection, removal, and installation, as well as branching
diagnostic routines (such as check-out and troubleshooting activities).

Rec- eLevot-or' ýrive ossenimy

DsossemDe e.evotion drive osSembLy

I Remove t,, CoXIOL connector nuts (8)

2 Remove s•= screws (I)
1 e0'ess 1*0 COO000 connectors (7) into enO po'e i6'
4 Pe-ove end PLoate 12)
5 Remove s5, fLotneooj screws (5)
6 Re"'ce closure seoL (4)

" Rencve v-sec'. (3)
8 Remove lou, Screw (05) Remove guord (16)
9 DSconvecr. two cooiOi .connectors (17)

ic Pemove ýoýr screws (10) ond two cLomPs (9'
i Remove fo0 r sc-ews (IM)

12 Re'ove s,- screws 14) cnd six wosrers Remove rotcrý
,otnt suoport i3 ) O ROL oI rOt y jOint (12' w.th one riand

"-069 ' -

2 14

4

"12
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A ta&.k analytic process must be complete prior to JPA development
so that the JPA can be precisely specified. This involves a large
matrix in which eserv possible task performed on each piece of
equipment is identified. Furthermore. the training as well as the
experience level of a document's user is carefully defined, and each
task identified in the matrix is assigned for coverage either via a
JPA or \ia training. Everv hardware component whose failure must
be identified is listed. In addition to troubleshooting logic, the final
product includes step-bN-step procedures for access and adjustment
tasks. All procedures are necessarily accompanied by illustrations.
The figure on page 408 shows an example of a JPA frame.

Reading List: Jo\sc. R. P . Chcnzotf. A P.. Mulhgan. J F . & Mallor%. W J (19'73). Full%
proccdurahzed job performance aids Vol I. Handbook for JPA developers
iAFHRL-TR--3-43S11I! (AD1S5-705} Wright-Patterson Air Force Base, OH: U.S.
Air Force Human Resources Laborator.

Srnillic. R J. t19S5). Design strategies for job performance aids In T. M Duff\ &
R W,\aller (Eds. . Designing usable text (pp. 9b9-977) New York: Academic.

S%%ezc- R WV. (19ST7 Design of lob aids and proc,:dure writing In G. Salvend%
tEd.). Human factors handbook. Nev York: Wile% & Sons,

36. Adopting Training Innovations

Finding: Managers and training developers can effect the rate at which the
schools and instructors adopt and use newly developed training
materials and programs.

Comments: From the time an instructional development project is first conceived,
developers and schools should consider the strategies to use to
encourage the potential users to adopt the new materials. Too often,
materials are adopted only where they were developed - that is. the
".'not developed here" syndrome. One way of overcoming this attitude
is to involve all potential users in the analysis and design phases of
innovative courses.
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Using an effective person as an agent to manage change is a
critical factor in diffusion. The agent studies the potential adopting
organization and systematically shows that (1) the innovation
has obvious advantages over the existing process, materials.
or equipment. (2) it is compatible with the existing system. (3)
significant research and/or evaluations reveal the innovation.s
advantage. (4) there is a rational sequence for its adoption and
application. (5) it addresses an identified need of the potential user.
(6) the innovation will be used for a long time, and (7) the staff can
acquire the skills needed to adopt the innovation.

The manager must concentrate on the potential users and their
needs rather than on the material or the innovation, must know as
much about the situation as the potential user, be ready to tailor the
innovation to the user's needs. and explain the innovation to the
potential users.

For any instructional technology, as for computer-based technology.
to have an impact on the learning process. teachers must be
comfortable with computers, seeing them as tools that enhance
rather than interfere with their daily teaching. For this to happen.
instructors need special training. Unfortunately, the vast majority
of today's teachers have had little or no training on how to apply
computers or other individualized teaching technologies in their
instruction. Recent reports. summarized by the Office of Technology
Assessment. suggest that only about one-third of all instructors have
had even 10 hours of computer training.

Reading List: Margulics_ N. ei al. (1973). Organizanonal change Techniques and applications
Glen\ie", IL_ Scott. Foresman.

Nelson. M.. & Sieher. S, D, (1976) Innovations in urban secondary schools. School
Review. 84(2). 213-231.

Office of Techrology Assessment (1988). Power on! New tools for teaching and
learning. Washington. D.C: U.S. Government Printing Office.

Rogers. E. (1983). Diffusion of innovations (2nd ed.). New York: Free Press
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37. Designing Effective Illustrations and Graphs

Proposition: Diagrams. graphs, photos, and illustrations can improve student
learning.

Comments: Illustrations enhance text instruction by helping the students perceive
and remember the instruction. Illustrations should be as simple as
possible to reduce potential confusion with irrelevant details. For that
reason. line drawings are often more effective than complex drawings
or l-:otographs. Color illustrations are needed only when color itself
is important to cue what is being learned.

Pictures or other illustrations not directly related to the presentatiol
are unnecessary. Such materials are often more distracting than
helpful. Highlighted or labeled information can aid learning, but be
careful to avoid confusing clutter. Several illustrations to show the
various switches or components relevant to the current instruction are
more comprehensible than one cluttered one.

The use of color may encourage students to examine the materials.
In these cases. the advantages outweigh the potential confusion.
Animation. use of many visuals changing at a rapid pace may
increase student attention to a presentation; this technique may be
used for training where the students may have little interest in the
course or content.

Example: Effective Illustration: Two illustrations are contrasted in the following
figure. The valve on the left is from a Navy rate training manual. As
a depiction for explaining how such valves operate, it is confusing
and cluttered. It needs to be simpler and show only those parts most
intimately involved in the process of reducing pressure from one
level to another. Irrelevant labeling and construction detail were
removed on the valve at the right to show the parts most important
for explaining how the valve works.
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Once it is decided that an illustration is required to support learning,
a simple illustration depicting just the relevant detail is preferable
(Fleming, 1987). The design of a display is determined by attention to
the perceptual limitations of students, limits on their ability to process
information, and knowing about what students know and understand.
Since these characteristics are primarily qualitative. tryouts with
typical students are useful for validating design decisions and revising
illustrations.

Reading List: Fleming. M. L. (1987). Displays and communication. In R. M. Gagne (Ed.),
Instructional technology: Foundations. Hillsdale. NJ: Lawrence Erlbaum
Associates.

Levie. W. H._ & Lentz. R. (1982). Effects of text illustrations: A review of
research. Educational Communication and Technology Journal, 30(3). 195-232.

Levin. J. R.. Anglin. G. J.. & Carney, R. N. (1987). On empirically validating
functions of pictures in prose. In D. M. Willows & H. A. Houghton (Eds., The
psychology of illustration: L Basic research. New York: Springer-Verlag.

Wulfeck. W. H.. Chang, F. R._ & Montague. W. E. (1986), Document and display
design In T. Sticht. F. Chang & S. Wood (Eds,). Advances in reading/language
research. Volume 4, 1986, Cognitive science and human resources management
(pp. 183-195). Greenwich, Conn: JAI Press.
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FINDINGS ABOUT THE EVALUATION OF INSTRUCTION

Following the analysis of the training requirements. the design of the
instruction, and the production of the training program. it is desirable to
determine if the training program works and what the students have learned.
The use of formative evaluation will permit the instructional developers
to improve the quality of the current. and future materials. Summative
evaluation will ensure that there is a good correlation between the intended
training outcomes and the real ones. The assessment will also permit the
identification of instructors who need additional training.

413
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38. Criterion Referenced Testing

Finding: Testing needs to be geared closely to the goals of a training program.

Comments: Testing during and after instruction is used to indicate student
progress. determine what students find difficult, and tailor individual
assignments to overcome the difficulties. The testing therefore. is
focused on performance requirements which are derived from analysis
of the work trained individuals are expected to do. Various means
of testing are used including laboratory exercise performance. oral
and written quizzes and tests, out-of-class assignments. classroom
questions. and comprehensive performance tests.

Assessment needs to be as job-like as possible. This performance-
based assessment should make the elements of the test as much
like the elements of the criterion-based objectives as efficiency will
permit. Performance tests should be hands-on and pencil-and-paper
tests of knowledge should be restricted to safety and knowledge
critical for job performance. If workers use manuals and books
to find the information needed to carry out a task on-the-job,
open-book testing should be used.

Well designed. performance-oriented tests inform students about job
requirements and guide their learning. Frequently tested students
outperform less frequently tested ones. Students generally take two
kinds of tests: knowledge tests and performance tests. Knowledge
tests help instructors find out if the students have learned information
important for safety. and knowledge important for performance.
Performance tests indicate student competence and provide information
about both student and instruction inadequacies. Errors that students
make on tests and in class identify learning problems that need to be
corrected. Instructors need this information to provide prompt feedback
to students on their performance and assignments and to help correct
any difficulties they may have.

Reading List: Baker. E. L.. & O'Neil Jr. H. F. (1987). Assessing instructional outcomes. In
R M. Gagne (Ed.). Intructional technology: Foundanons. Hillsdale. NJ: Lawrence
Erlbaum Associates.
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Banecrt-DrmAwns. R. L 119',. April). Effects of frequent classroom testing
,-4 iera a?, Educatuonal Research.

Ellis. J. A_ & Wulfeck 11. W. H. (1986). Cntenon-referenced measurement in militar\.

technical training In J A. Ellis (Ed.). Mihuarn contrbuuons to instructional
te'hmology (pp N182). New York: Praeger Publishers.

Ellis. J A., Knirk. F. G._ Taylor. B. E.. & McDonald. B. A. (1987). The course
eialuarion .nstem (NPRDC TR 87-10). San Diego: Navy Personnel Research and

Dexelopment Center.

Linn. R L.. Baker. E L.. & Dunbar. S. B. (1991). Complex, performance-based
assessment: Expectations and validation critena. Educational Researcher, 20(8).
15-21

Roid. G.. & Haladna. T. (1982) A technologyfor test item writing. New Yorki

Academic Press

Samson. G. E.. Graue. M. E.. Weinstein. T.. & Walberg, H. J. (1984). Academic
and occupational performance: a quantitative synthesis. American Educational
Re'search Journal. 21(2). 311-321.

39. Course Evaluation and Revision

Finding: Tryouts during development of instructional materials help to diagnose
and repair inadequacies in the instruction.

Comments: Designing instruction involves making many decisions such as how to
present information to the students, judging student comprehension.
and knowing when they have learned enough to move on to new
material. The design and development process involves numerous
subjective decisions, and quality of the instruction depends on
the skill and knowledge of the developers. The material may only
approximate the optimal product. Evaluating and revising the
instruction to improve it is an important part of the process.

The instructional developer accomplishes this by trying out segments
of material on a sample of the target students. Ideally, a developer
goes through the material with one student at a time. During tryouts,
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students might be asked about the quantity and quality of examples
in the instruction, the adequacy of opportunities provided for
practice. the suitabilitN of media selected for a given training domain.
the compatibility of the reading grade level of the materials and the
student audience. and the time required for the student to complete
the instruction compared to allotted training time. The developer
then revises the materials to address problems uncovered in trvout
and conducts another tryout with different students.

Training development rarely includes this evaluation-revision cycle.
Tryouts of materials in nearly final form are more common. At
this late stage. however, it is difficult to diagnose instructional
problems unless gross failure makes them apparent. The lack of
evaluation during development degrades quality and makes revision
of instruction a major undertaking.

Managers who plan and allocate adequate resources for early
evaluation make revision and the instruction more effective.

Reading List: Ellib, J A.. Knirk. F. G.. Taylor. B. E.. & McDonald. B. A. (1987t. The cour~s
t'valuation sýýster. NPRDC TR 87-19. San Diego. CA: Nay> Personnel Research

and De'elopment Center.

Markle. S. M (1967) Empirical testing of programs. In P. C. Lange (Ed.).
Programmed instruction: The sixty-sixth yearbook of the national study of
edi'anon. Parn I1. Chicago: University of Chicago Press.

Merrill. M. D.. Reigeluth. C, M_. & Faust. G. W. (1979). The instructional quality
profile: A curriculum e'aluation and design tool. In H. F. O'Neil Jr (Ed.).
Procedures for instructional systems development (pp. 165-202). New York: NY.

Academic Press.

Mlontague. WV. E.. Ellis. k. A_. & Wulfeck II. W. H. (1983), Instructional quality
in~entor%: A formati\e evaluation tool for instructional development. Performance
and Instruction Journal. 22(5). 11-14.
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40. Esaluating and Supervising Instructors

Finding: Instructors can improve their performance if they are given relevant
useful information.

Comments: When training organizations have students rate their instructors.
instructors can use the ratings to improve their teaching. Evaluation
studies show that feedback from the ratings does improve instructor
performance.

Instructors who receive mid-course rating feedback obtain
substantially higher end-of-course ratings than do instructors who are
rated only at the end of the semester. Ratings improve even more
when instructors discussed the mid-course ratings with consultants or
received other help in interpreting and reacting to the ratings.

Focusing the mid-course evaluations on the entire course including
the content, facilities. instructor, and the instructional materials.
seems to result in more positive corrections than the more traditional
end-of-course instructor evaluations.

Effective managers ensure ti.at the instructors know the subject
matter and can communicate it. The teaching skills of instructors
who know their subject matter can usually be improved to a higher
level. Teaching is a skilled activity that takes time and the proper
conditions to develop. Developing a skilled teacher may take
years. The most effective way to develop instructor teaching skills
is to provide adequate opportunities to teach under supervised
conditions where the observer may analyze inadequacies and provide
constructive feedback.

Supervision that strengthens instruction and improves instructor
morale has these elements:
* The supervisor and the instructor agree on the specific skills and

practices that characterize effective teaching.
* The supervisor observes the instructor frequently to verify that the

instructor uses these skills and practices.
* The supervisor and the instructor meet to discuss the supervisor's

observations.
,• The supervisor and instructor agree on areas for improvement.
* The supervisor and instructor jointly develop a specific plan for

improvement.
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Reading List: Cisccl. R. E. (19S-). Student ratings of instruction: Change the timetable to
improve instruction. Conmunitr College Review. 15. 34-38.

Cohen. P. A. - 1191,'. Effectiveness of student-rating feedback for improving college
in.truction A meta-anal,,sis of findings. Research in Higher Education, 13.
3-1-34k

Diamond. N A. (f988). S.G.I.D. Small Group Instructional Diagnosis: Tapping
student perceptions, of teaching. In E. Wadsworth (Ed.), A handbook for ne"
practitioners (pp. 89-Q4). Stillwater, OK: New. Forums Press.

.McKeachie. W. (1978). Teaching rips: A guidebook for the beginning college teacher
(7th ed.). Ne%% York: Heath.
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FINDINGS ABOUT THE MANAGEMENT OF INSTRUCTION

Training managers must be concerned with the management of their human
and material resources. Classroom instructors and instructional developers
must be located and trained. Facilities for instruction and instructional
materials must be located or developed. Student records must be generated
and maintained. This section examines the evidence about how instructional
resources can be managed.

419
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41. Planning Change mithin Organizations

Finding: Exploiting communications and computer technology can serve policy
goals and meet training needs within resource constraints.

Comments: Many revolutionary changes in communications and computer
technologies can be used for instructional purposes with, or
sometimes, instead of the teacher, books and manuals. and
chalkboards. Various technologies can deliver traininc_ :',at can be
as effectiv,\ -r even more effective than current methods. To exploit
the advantages of these technologies requires good analysis and
planning. The capabilities and effectiveness benefits must be mapped
against needs and the current costs of training including training
time. Funding must be found for research and development and
evaluation of new systems designed to make training more etfective
and efficient.

The rapid development of new technologies seems to point to the
inevitability of significant changes in the way training is accomplished.
At the same time, the potential costs of these changes requires
caution and a practical outlook. Claims of large benefits in
effectiveness must be substantiated by concrete. conclusive empirical
evidence. Decades of research reveal that improvements in
instructional achievement are usually not due to the communications-
computer technology but to redesign of the content. Permitting each
student to learn at his own pace achieved with or without computers,
is an important source of the gain.

Ne\ý technology may make possible the delivery of novel forms of
instruction where, when, and in ways heretofore impossible. as well
as provide delivery of fairly standard instructional matter as needed
to students not assigned to schoolhouses. In any case. large scale
implementation of training technologies that substantially change the
organization and presentation of training should be unde,-ý'ken only
after formal study of its cost effectiveness.

A more focused effort to substantially expand the use of technology
in education and attain more fully integrated applications across the
curriculum requires new strategies and perhaps decision ;mthoritV
at a level high enough to insure I- minimum of intertere.ice by those
vested in maintaining the established practices and procedures. The
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1)k,. ne~erlhelcs' , .itne,,sed a tremendous expansion in the use
oI VCR, and computers. In identif ing barriers to increased uc of
te,.hnolog.%, man\ training directors cite the lack of funds to purchi,c
Cqeuipnlent as a serious problem. When funds are sought. a large
initial in'estment is often necessar, to purchase the critical mass of
Nturtup equipment. Once the initial equipment has been purchased
,a stead% tunding policý is vastly preferable to a hurried "'e-ir end"
polic\. A consistent research finding shows that investments in
technology cannot be fully effective unless teachers receive training
and support in its use.

The effective use of instructional technology requires an extensive
dialogue amone instructors and educational researchers. Instructors
need to be exposed to. and be part of. new break-throughs in
education: researchers need a health, dose of classroom realities.
Classroom trials of new materials is essential to ongoing development
and necessar\ to assess what works. Contributions from many
disciplines is required to improve training practices.

Reading List: B1l3i D L & .kDiLirmid. (3G W (1988.) Research on teacher learning Stud.,Ing
him techcr,. knom ledge changes Action in Teacher Education. 10(21. 17-23

Kc.ir'L\ . 6. (1l54i Training apid rechnologý A /iandbooK for HRD pro fesstanh
Reading. MA. Addion-\Wesle\ Publishing Co

Nugenz. G C I < nnovalion& in telecommunications. In R M Gagne (Ed).
lnPitructi,,nal technoili,.i Foundation. (pp. 261-282) Hillsdale. NJ. Erlbaum
Associates

Orlank\, J., & String. J (1%sl, Second Quarictr Computer-based instruction for

militar\ training! Defenw Management Journal. 46-54.

W•iIlheri. H J lt,. AprilI Curriculir eflicienc% can be attained National
.4,•ociatuon ()t Se(ondun School l'rincipal,5 Bulletin. 71(49S). 15-21
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42. Managing Instructors

Finding: Effectise training management policies improve instructor training.
student performance, and training time management.

Comments: Successful training managers have an accurate conception of the
important factors determining effective instruction. They keep this
conception in mind as they interact with personnel and allocate
funds. With instructional improvement as a constant theme, the,,
scruwinize existing practices to assure that instructor activities and
procedures contribute to the quality of the instructional program.
They make sure instructors are trained and participate actively in this
process. Effective managers. for example. provide instructors with
opportunities to improve their teaching and classroom management
skills. They minimize instructors' administrative chores and teaching
interruptions, monitor teaching performance. and provide constructive
suggestions for improvement.

Effective managers actively support learning. They create an orderl,
environment. verify that instructors have all the necessary
instructional materials and assistance they need. work to raise
instructor morale, and create a climate of achievement by
encouraging new ideas and involving instructors in policy formation.

Reading List: Bird. T . & Little. J. W' (1985). Instructional leadership in eight secondarý schooLs
(Final Report to the U.S. Department of Education. National Institute of
Education). Boulder. CO: Center for Action (ERIC Document No. ED 263694)v

Carnine. D. R.. Gersten. R.. & Green. S. (1982. December). The Principal as an
instructional leader: A second look. Educational Leadership. 40(3), 47-50.

Corcoran. T. (1985. May). Effective secondary schools. In R. Kyle (Ed.), Reaching
for excellence: An effective schools sourcebook (pp- 82-85). Washington. D.C.:
U.S. Government Printing Office.

Morrs. V. C . Crowson. R.. Hurwitz. E.. & Porter-Gehrie. C. (1986). Principals
in action: The reality of managing schools. Cited in What works: Research
about teaching and learning (2nd ed.. p. 64). Columbus. OH: Charles E. Merrill
Publishing Co.

Skinner. B. F, (1984). The shame of American education. American Psychologist,

39(9). 947-954.
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43. Managing Student Learning

Finding: Performance-oriented leadership improves both formal (intentional)
and informal iincidental) learning.

Comments: Managers and instructors are primarily concerned with formal
learning developed using systematic procedures designed to promote
effective training. However, promoting informal or incidental learning
can also further formal instruction. To manage learning effectively
both in and out of the classroom, training managers should:
"* Assert convictions and philosophies with regard to the importance

of learning by each individual.
"* Specify the roles for managers and instructors in managing learning

and training.
"* Specify the role of individual students in managing their learning,
* Personally observe and evaluate the learning environment of

schools and their surroundings including: Who is doing what.
%%hen. where, and why, and how these actions match their stated
philosophy and objectives? How does the physical learning
environment affect learning? What is happening in the school that
should not be happening?

Example: Adults learn a lot about informal "corporate" life and their jobs
outside of the formal presentations in the classrooms. Instructors
provide some of this informal training as role models whose incidental
behavior the learners observe and adopt. Other students also
significantly affect what students learn.

Reading List: Hill. H.. & Sticht. T. (1980. September)- Perspectives on battalion training
management (Final Report for USAREUR Field Unit). Alexandria. VA: Human
Research Organization.

Kern. R. (1986). Modeling information processing in the context of job training
and work performance. In T. Sticht. F. Chang & S. Wood (Eds.). Cognitive

science and humnan resources management (Advances in reading/language research,

Vol. 4j. Greenwich. CT: JAI Press.

Morgan. M.. Hall. D.T. & Marlier. A. (1979). Career development strategies in
industry: Where are we and where should we be? Personnel, 56(2). 13-31.
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44. Nlonitoring and Tailoring an Instructional System

Finding: Instruction improves when managers monitor achievement indicators.
detects when the value of any indicator moves into an unacceptable
range, and then takes focused corrective action (tailoring).

Comment: Monitorine and tailoring of instructional systems resembles controlling
physical systems such as heating or cooling systems. However. the
relevant indicators in training systems are less precise than those in
ph•sical S\cmi. T,-,: must be determined by examiniai Gc toiIe
of the schools. the management practices. and objective information
about students and instructors.

Trainine managers can monitor direct and indirect student
performance indicators to establish priorities for improving the
system. Direct indicators include student attrition and the rate
students are "set back- to repeat lessons. and comprehensive and
performance test scores. Indirect indicators include student-instructor
ratios and background variables. This monitoring requires access to
longitudinal records and considerable information processing. With a
computer-based information system, managers can identify indicators
with values that are in an unacceptable range. Over time. monitoring
will reveal if the quality of instruction is being improved

Focused corrective action or tailoring requires a deploy able resource
to respond to the indicators. For example. an instructional supervisor
or curriculum standards office representative might visit a classroom
or school to confirm (or refute) that a problem exists. diagnose the
situation. and propose corrective action.

The monitoring and tailoring approach assumes that fine tuning the
instructional system can improve the system significantly. The system
may require fundamental changes due to changes in technology.
resources, or society.

Reading List: Cooley, W. W. 1983. June/July). Improving the performance of an educational
sstem. Educational Researcher. 4-12.
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45. Physical Classroom Environment

Finding: Classroom light level, color, temperature/humidity, and noise level
control effects student perception, attention, and achievement.

Comments: Research indicates that in a well designed learning environment a
greater lexel of learning occurs than in a poorly designed educational
environment. For temperature variables, an air temperature between
68-70 'F at 30" from the floor for elementary students engaged
in sedentary activities, such as reading and writing is a low level
heating goal in the winter. For older students, a temperature range
of 68-74 T-F at 30" from the floor in the winter is healthful and
comfortable. if the humidity is kept between 30-60%, The maximum
temperature for adult learners for sedentary tasks is 85 'F and 65 'F
for active tasks.

Concerning noise factors. noise levels above 96dbA impacted error
rates. The noise effects of continuous and intermittent pure tone.
noise at fairly low levels. 70dbA. for high cognitive loading tasks
results in a significant decrease of learner performance. Background
noise apparently interferes with learning or concentration in some
learners more than with others, The highest level of background noise
in a learning environment should be 45db. with 30db being optimal.

Light levels should be directly related to the viewing difficulty of the
learning tasks. Research indicates that insufficient illumination, glare,
reflectance, shadows, low brightness contrast, and flickering affect
human performance and can be controlled by good lighting and color
decisions. For reading tasks. the lighting level should be 540-755
lux: for bench work 540-1000 lux. and for learning rooms (ambient)
500-750 lux. Extreme light level contrast must be avoided, as there is
minimal adaptation required for moving from a brightly lit area to a
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darker area. Constant adaptation from these varying derree, cf light
can cause eyestrain and headaches. Research data neither conristentl\
supports claims that windowless classrooms will alloy increa'sed
concentration and thus hipher achievement, nor the fear that the
absence of ý'indoks wkill have harmful psschological or physical
effect',

It appears that color directly influences individual physiology
as measured b% blood pressure. respiratorv rate and reaction
time. Bright. light and warm colors have been shown to initiate
out\%ard a, tivities and actions. Cooler. softer colors tend to foster
ai Withdra\%al beha\ior. and a red background generates ideas and
actions. A green color is desirable for mediation and for performing
tasks. In designing learning ensironments it is suggested that a variet\
of colors be used.

Color seems to influence student learning. attitudes. and behavior
The impact of color on an indis idual changes with age and suth
cultural background.

Color seems to have a direct relationship on an individuals sense of
time: red makes most people overestimate time. while greens and
blues in -he environment cause an underestimation of time. On the
other hand. bright colors (such as red) tend to increase an individuals
activity level, so consideration of the types of obiectives to be taught
in an area should be considered in choosing primary classroom or
stud\ area colors. Some general guidelines for choosing colors:
"* Classrooms or laboratories: greens. blue-greens. gra%. beige.
"* Gyms: neutral tones or cool colors.
"* Auditoriums: green. aqua. peach.
"• Entry areas: pink (also useful in prison holding tanks to quiet

prisoners), or neutral tones.

Changes in classroom colors can affect learners. Changing the focus
area. or changing individual attitudes. in a classroom may also be
done by painting the classroom a light neutral color and then using
flood-lights to change the setting.

Lighting seems to have a profound biological effect on humans. Both
the quantity and quality of light are important. Natural, full spectrum
tubes (as opposed to traditional fluorescent tubes), reduces individual
stress and aggression. yet seems to be more intellectually stimulating.
While light level preferences differ among individuals, bright lighting
seems to increase student achievement for most students. but students
preferring low lighting did better under lower light conditions: a
learning environment apparently should not be uniformly bright and
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4tudcnvý should be allowed to sit where their light prefcrc.nce direct
them- Guidelines for various types of activities can be found in the
rctcrences provided below.

Example: NMan\ experiments have been conducted studying the effects of
noise on sustained attention. The figure below illustrates the effects
of noise on the incidence of errors over time in a serial reaction
task lasting 40 min. Precautions to eliminate the effects of acoustic
cues were taken which included the use of a silent keyboard and
ear defender headphones. In both loud (90dbC and soft 60dbC)
conditions the noise is switched off at the end of the third quarter.

Sound off

30 Loud ,.

XX

/

+ /

/x

/

2 3 4

Task quarters

Reading List: Dunn. R et al (1985). Light up their lives: A review of research on the effects of

hehi on children's achievement and behavior. Reading Teacher. 38(9), 863-869

Knirk. F. G. (1979). Designing productive learning environments. Englewood Cliffs.
NJ: Educational Technology Publications.

Knirk. F. G. (1987). Instructional facilities for the information age. IR-76. Syracuse.
NY: ERIC Clearinghouse on Information Resources.

Sanders. M. S_, & McCormick. E. J. (1987). Human factors in engineering and

design (6th ed.). New York: McGraw-Hill Book Co.

Jones. D M.. & Broadbent. D. E. (1987). Noise. In G. Salvendy (Ed.). Handbook
of human factors. Nev York: Wiley & Sons,

Woodson. W. E. (1981). Human factors design handbook: Information guidelines

for the design of systems. facilities, equipment. and products for human use. New
York: McGraw-Hill Book Co.
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46. Managing Informal Learning

Finding: A focus on the management of learning can improve incidence and
qualit% of informal learning in training environments.

Comments: Individuals obtain much of their knowledge and skills outside of
formal school settings, Some informal learning is negative such as
learning poor \work habits from the examples of others. Managers can
influence informal learning of students by:
"* Applying environmental designs for learning: for example placing

posters with critical information in mess halls. hallways, and other
places where sailors spend time. Messages should be designed for
ease of learning. motivation, and creating awareness:

"* Promoting learning requirements for off-time during watch
standing, placing learning materials in job/duty sites. requiring
reading of iob and training materials when on-duty during slack
periods, and verifying that the assignments are done:

"* Encouraging all personnel including individual sailors to think:
dedicating -read and think" time during duty hours for personnel
to think about what they do and how to do it better.

Reading List: Hall. D T._ & Fukami. C. V. (1979). Organization design and adult learning.
Research in Organizational Behavior. 2, 125-167T

Hill. H.. & Sticht. T. (1980. September). Perspectives on battalion training
managemenrt Final report USAREUR Field Unit). Alexandria. VAý Human
Resources Research Organization.

Kern. R (1986), Modeling information processing in the context of job training and
wkork performance. In T. Sticht. F. Chang & S. Wood (Eds.). Cognitive science
and human resources management (Advances in readingllanguage research, Vol.
4). Greenwich. CT: JAI Press.

Morgan, M., Hall. D. T.. & Martier. A. (1979). Career development strategies in
industry: Where are we and where should we be? Personnel, 56(2). 1--31.

Rogoff. B., & Lave. J. (1984). Everyday cognition: Its development in social context.
Cambridge. MA: Harvard University Press.
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47. Student Instructor Ratio Tradeoffs

Finding: Increasing moderately large student-instructor ratios in basic courses
has little effect on student learning. Enlarging class size frees existing
instructors for alternative laboratory training, tutoring, or counseling
activities.

Comments: Small student-instructor ratios tend to promote frequent in-,..ractions
betv.een students. instructors, and materials. Students in small classes
have more interest in learning, achieve more. have a somesshat
better self-image, and have a better quality of interaction between
student and teacher than do students in large classes. Teachers in
small classes may have higher morale. In colleges. where classes are
fairly laree. both instructors and students prefer smaller classes, but
larger classes do not affect student academic achievement. When
class size is more than about a dozen or so students. there are fewer
opportunities for students to participate in discussions. In lecture
presentations. class size makes hardly any difference because students
are already passive and interactions are minimal. Therefore. for
basic. "'academic" training courses. class size - unless below 10 or so
students - does not affect student learning until it gets large enough
to prevent students from seeing or hearing the instruction.

Changing instructor-student ratio enables managers to manage their
instructor resources in ways that can improve student learning.
Instructors now relieved from presenting duplicate or repetitive
"-ourses can prepare other presentations. interact with students
individually or in small groups. conduct laboratory exercises. or
evaluate and revise existing courses.

Individualized instruction and small group instruction have different
characteristics than does large group instruction. Large group
instruction normally relies on an instructor to prescn.i", r',,ani.7,d
materials: usually with a "lesson plan" or with "instructional media.-
Many studies of class size indicate that a reduction of a large class of
30 to 15 or 20 would have little or no impact on student achievement.
Conservatively stated. the addition of a student, or two. or three to
a class that is over. perhaps. 7 students in size. will not demonstrably
affect the quality of a class.
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A SUMMARY OF EDUCATIONAL RESEARCH AS IT

RELATES TO ADULT LEARNING"

MICHELLE M. ROBERTSON.* BETTY V. WHITEHILL; and JOSEPH HASSLET:

"institute of Safety and S\-stems Management. Universitv of Southern California. U.S.A.
-Nav% Personnel Research Development Center, San Diego. CA. U.SA.

-Chief Naval Education and Training, Pensacola, FL. U.S.A,

Introduction

There are man% approaches to the evaluation process. but the most essential component
is gaining knox\ledec from the end-users themselves. How this is accomplished can
be a \ariety of \ways. such as usability laboratories, on-site and field evaluation.
observations, and questionnaires. The method to be used is determined by: (I) the
resources (e.g.. money. laboratory space. filming equipment) that are available. (2)
the geographic location of the users. and (3) the availability of trained evaluators.
Each approach has particular strengths and provides the evaluation team or individual
"with information in which to analyze, plan and redesign and redevelop the product
or s\s1cm. As defined bv Sohm and Bertrand (1988). the evaluation process is a
tool which managers. trainers, and designers can use to emphasize the facilitative
dimension and iterative process of evaluation. They further state that evaluation is a
learning and action-oriented management tool. Evaluation is a process for determining
as systematically and objectively as possible, the relevance, effectiveness, and impact
of activities and products in the light of their objectives in order to improve both
current activities, products, systems, and provide for future planning, programming.
and decision-making (Sohm & Bertrand, 1988).

Purpose

The intent of this paper is two-fold: One, to describe the evaluation process of
the document "What Works" and second, to demonstrate the measured value and

431
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~i~l !~JfCCof thc: -What W~orkN- doc:uin.,nt. The evaluation process \xaý, broken in(()
t k l ý, I) PhJNL ole oýCUTrred one 'Ncair Alter the development o? hw *AWhat W~ork,�

dOCL1111ntI ind Ni\ \ personnel % crc the surveVed user,, Phase tv-o o~ccurred mvo
\ cair attvi the Whait Work," documnent %%as published ind included .Nad\% persoinnel.
L'ni\ ersiti prote~sors and Technical College instructors. Each exaluation phase used
a scpairatcl\ de~elopcd questionnaire in order to attain pertnnent data concerning the
value. use. snicac.arid future ot the "What Works" dJoument. Both questionnaire,,
emplo-,ed quantitative questions as well as qualitative quý-sti .ons %hich required wriLten
responses and comments from the users.

Using both qualitati~e and quantitative questions for attaining information from the
user., prox ides a tv pe of content validit\ for the surveys. Thus, with these types of
multiple measurcN the rliabilit% and vaiidlit\ of the responses to the survey can be
assumed to be reasonabl\ high. The objective of this evaluation process was to gain
knox~edec ind feedback from the users repardine the \aluable use and significance of
the 'whatj Works, document. This evaluation process jsý con-sidered to be a formati,.e
evaluation as, kri~kledeec that %'ajs Lamned from the first cx aluation procedure \k', S
i .ncorporated into the enhancement and development of the new ly revised second

*\ht\orkQý document. With the passage of time. and expanding, the user group to
non-rnilitarx \ ttns allowed the developers of *'What or' to further incorporate
and integrate ne~x suesions and ideas into the document

Met hodoloux

Evaluation Procedure for Phrase I

The oricinal distribution of the -What Works" document wxas primarill to Nav\
personnel. -pcfclytaij72ee~ie.tann specialists, and instructors. A year
after the initial distribution. a questionnaire was develo,, ed to surve\ these users about
the usefulness and likelihood of use of the "What Works" document. The developed
questionnaire was mailed to these users and a response rate of 45'% was attained. The
t otal sample size for this survey wA.as 40 training executives. 37 traminin specialists, and

39instructors for a total of 116.

Survev, Instrument for Phase I

The first ev.aluation questionnaire for phase I was comprised of seven questions. Three
questions were a Likert four point scale with room to provide additional comments, Four
questions were open ended questions requiring written responses.

The scoring of the questionnaire consisted of percentage distributions for the first three
questions. For the open ended questions, the responses were content analyzed according
to the appropriate user classification, that is for training executives, training s-.ecialists.
and instructors. Additionally, tables were developed incorporating the trainers responses
rc,_ardinr_ the index that was provided in the "What Works" document. This index is
pro% ided at the beci nning of the document and is broken into the three occupational
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clitceoricN' ot training executiCes. training specialists, and instructor,, Cro.s,-rcferencini
thc ucr, rcppon,c, \kith this index \&as conducted

Ei aluation Procedure for Phase /I

After "What Works "as developed and distributed to the appropriate Navy
personnel. man\ requests \%ere received from other trainers of adults. A copý
of the "What Works" was sent to these individuals. As the list of mailings to
universities, technical trade colleLes. and various military branches geographicall\
located throughout the United States and overseas (Australia and the United Kingdom)
enlarged. it v~as decided to evaluate again the effectiveness of "What Works" on this
expanded population. The total sample size and distribution was the following: Militar%
personnel. n d IS. technical colleges. n d 2. universities, n d 3. totaling 23.

SurveY Instrument for Phase !1

The evaluation questionnaire for phase II constituted of seventeen questions, This
questionnaire focused on the use of the "What Works" document. organization and
st\le of the document. value and significance of the document and several questions
on the future application and use of the document. There were fourteen questions
that required a yes/no response with room for comments. Three questions that were
developed are on a five point Likert scale and again, there was room for responses
from the users. At the end of the questionnaire there was room for general comments
concernine the "What Works" document.

The scoring of the -" ase II questionnaire consisted of calculated percentages for the
yes/no responses. frequency ratings for the questions concerning the organization. the
value or significance, and the writing or readability of the "What Works" document. For
the open ended responses and comments, content coding was employed and organized
for these qualitative measures.

Results

Phase I Evaluation of "What Works"

For determining the usefulness of the "What Works" document a distribution of the
reported percentages is presented in Figure 1.

This figure illustrates, for each Navy training specialization-training executive.
training specialist, and instructor-that overall the "What Works" document was
regarded as very useful. For the training executives, more than 40% reported that
the "What Works" document was useful. Over 50 % of the training specialists indicated
that the "What Works" document was useful, and this result was consistent for the
training instructors. Depicted in Table I are the ratings from all three training users
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IOCV Training executives (n - 40)

90 !-Eductionok speoouLs (n-37)

Troining instructors (n- 391
BC-

70
Executives

C 60 Speciatists
0 Inst ructOrS

40

3-0

20

J 2 3
UsefuL Not useful

Usefu~ness

Figure I. Percent of usefulnes,, of "W'hat ýkorks' for all three training groups [phase-1 evaluation]

Table I
Training Evaluators Range of Usefulness for Training Instructors as
Indicated b\ "'What Works" Instructor Index [Phase-I Evaluation]

"*What Works": Number of evaluators citing index items for
training instructors as most useful or least useful (question I)

Evaluators range of usefulness Most useful Least useful

Index for training instructors -E S "I "E S "I

1011 Instructor classroom role 1 1 11 1
[021 Instructor classroom leadership 1 10 1
103] Teaching students how to learn 1 13
[041 Promote development of mental models 1 3
1051 Motivating students 1 8
1061 Cooperation in learning 6 2
1071 Student control of learning 5 1 7
1081 Instructor presentation stimulates learning 9
[091 Managing class time I I
1101 Practice 3 2
I11] Peer teaching 10 16
1121 Out-of-class assignments 1 8
113; -sting student learning 1 4 I
114] (jiving feedback to students 11
[15) Rating instructors 4

All of the above topics (01-15) found useful 3 12 11

"E d Training executives (n d 40).
"S d Educational specialists (n d 37).
"i d Training instructors (n d 39),
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con:crning the usefulness of the document with regards to the "'What Works" index
thz r, presented in the front of the document.

Some of the comments that were Li\en b\ the users concerning the usefulness include
the tollom ine: 'the bod\ of work is a valuable resource and reference document.- and
"-it is a highl. informative and enlightening document."

Figure 2 present,, the percentage distribution for the likelihood of using the "What
Works" document.

00Troining executives (n-40)

9c EduCotiona$. speC$Otts (n.371

80 Troning rnstruc•tors (n.39!

Executives
70 Spec O(Ists

6C Instructors

40

20

10

2 3 4
i. keLy Not Likety

L~iket.ihood of use

Figure 2 Percent of likelihood of use of "What Works" for all three training groups lphase-i
evaluation i

More than 55% of training specialists and instructors rated the likelihood of use very

high. The percentage of training executives rating the use of the document was lower
than the specialists and instructors, by approximately 35%. The open ended comments
supported the high use of the document for the specialists and instructors as many of
them indicated that they would use it for in-service training, as a reference document.
as a baseline for developing training curriculum as well as for instructor courses.

Depicted in Figure 3 is the percentage of familiarity of the material that was presented
in the "'What Works" document.

It appears that the material was mostly familiar to the training executives and
specialists as opposed to the training instructors. Shown in Table 2 are the evaluators
grouped comments for each of the trainer types reflecting a more detailed expression
of how the document -What Works� was familiar to the evaluators.

Some of the open ended comments regarding the familiarity of "What Works" were the
following: (1) "*May be familiar with "What Works" findings, but the document updated
my knowledge and provided me with new references and resources." (2) "some new
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10C H
9 Executives Tminnng executives (n-40)
SO , specutiv sts Ed-oLoo speao•osts (n.37)

\ Instructors Trminin' instructors (n. 39

60

S50-

40-

30

B2B 4

Most y fornittm r Not famiLiar
Fam•notirty

Fi,,curc 3 Percent ti famihiarit. of -What Works" topics for all three training groups [phase-1
evaluationi

rable 2
Training Esalualors Content Coding for Open Ended Responses

Regarding Familiarity of "What Works" Topics
for all Three Training Groups [Phase - I Evaluationj

"-What Works": Number of evaluators grouped comments for
what is familiar in What Works (question 3)

Trainer types

Evaluators grouped comments "E IS "1

[011 Yes in IT school. yes familiar, yes instructor basic 7 4 20
I102 Most basic. common sense 4 1
['31 Specifics not known, some new ideas, common but unwritten 1 2 2
[1041 Onl. aware. if not school grads not known. expands info 3 4
1051 Ver\ new. nex, concepts. new terms, specialist index new 1 3
(061 Implemented. teach now 1 1
1071 Lacks implementation I
1081 Computer info is new I I

"E = Training executives (n = 40).
"S = Educational specialists (n = 37).
"I = Training instructors (n = 39).

concepts were presented. especially with new training technologies." and (3) "aware of
the basic concepts, but an applied research approach was presented,-

Question number four on the first evaluation questionnaire was an open ended
question requiring a written response. These comments were subsequently content coded
for each type of training professional. Table 3 depicts the "What Works" document index
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Table 3
Training Esaluators Indications of Areas that ma% be Applied to Improve

Trinin for 'o'What Works" Index for Trainme Executises [Phase-I Evaluation)

"hat W\orks" Number of ealuators citing index items for executies
that might be tried and applied to improve training (question 4)

Trainer t'pe,

Index for trainmin executiss "E S I

01] School learning enwironment 2
1J021 Managing instructors 2 3
[031 EBaluating and super' ising instructors 3 3
[04] Managing student learning 2 2
((51 Monitoring and tailoring an instructional system 2 2

o16[ Course e.aluation and revision 2 4
[(O-j Imitating the wkorking environment for learning 1 1 3
10ý, Maintaining skills and kno%, ledge I I
[1001 Students-insiructor ratio tradeoffS• 1
1i j Managing informal learning 1
11I Planning chances in conducinng training 3 1

[112 Cost effectivenes, I I
[13] Structuring instruction 2
1141 Computer-based instruction 2 1 2
(151 Video technologies for instructing 5 3 1
[16] Training devices for task simulation and practice 2
[1-] Distributed instruction I
1181 Adopting training innovations I

All of the abose topics (01-181 %ill tr% to be applied 3 2 3

"E Training executives (n = 40)
"S Educationai specialists (n = 37).
"*1 Training instructors In = 39)

specifically for training executives and their reflections of how the document results might
be applied to improve training considering each type of trainer category, i.e.. executives.
educational specialists, and instructors.

A few,' of the more frequently mentioned comments include: "planning changes in
conducting training." "evaluating and supervising instructors," "course evaluation and
revision." and "video technologies for instruction."

Similar to question four, question five was another open ended response item. This
question specifically asked the trainer professional to list any ideas on how the "What
Works" document may be used in a training environment. The most frequent responses
were organized according to each trainer type and are shown in Table 4.

A few of the comments included: (1) "Instructor training and indoctrination,"
(2) "planning changes in conducting training," (3) "evaluating and supervising
instructors", and (4) "course evaluation and revision."

Table 5 shows various responses for each training professional concerning research
summaries that could be useful in a future document of "What Works."

The most frequcnt responses were: (1) Case studies. (2) updating and including new
research. (3) examples and extensive references, (4) cross-referencing of findings, and
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Table 4
1 am.ini: Es aluatoar, Content Coding for Open Ended Respons's on Hom Ol,

"Ahai k ork," mai be Used tor all Three Training Groups [Phase I L- aluati,,n,

"What W\orks. Number of eval~axom grouped comments that
listed ideas on hoA the document mas he used (question 5)

Trainer t, sp<

Esaluators grouped commcni, E S "1

[01] IT ý,chool 4 1 5
[021 Instructor indoctrination. 1st session. trainrng. workshops. handouts 17 8 9
[031 Control direci, es1

104J Reference. guide, refresher 6 9 12
(051 Inler. ice. ýith %'isuals. reqd reading. GPI school 3 3 8
[061 Expand topi,:_ I
1(71 Sur-e.' of schools I
I 0,S Neo ,iaff- managers. discussion groups 4 6 1
104J CNET. CNTECHTRA 2
[10] Instructor evaluation, moMtor. traininc, feedback. academic skills 1 3 2
111 Seminar
[12] Get more executises, insolsed I
[131 Video 1
114) Design of instruction I I
[151 Semi-annual performance counseling
116] Distribution implemented 2 1 1

"E= Training executives (n = 40).
"S = Educational specialists (n = 37).
"I Training instructors (n = 39).

(5) broad dissemination of "What Works" and mandating the document in all instructor
training courses.

Phase II Evaluation of "What Works"

Percentages of yes/no responses were calculated for twelve of the fixed response
questions for the second evaluation questionnaire of "What Works." Table 6 presents
these percentages for the appropriate phase II evaluation questionnaire.

A 74% yes response rate was reported for using the "What Works" document. A
variety of uses were indicated by the training professionals and users as provided in the
comment section. Some of the more interesting comments include: (1) "Planning for
research in skill retention." (2) "understanding perceptual motor skills and skill decay,"
(3) ",used as a format for developing videoteletraining". (4) "used as a baseline, starting
point to develop training as well as a checklist for training," (5) "use of tasks/functions
for managers/instructors on what they should be concerned with." (6) "used in graduate
training, instructions courses as a general reference document for my graduate and
teaching assistants." and (7) "used in my cost/benefit analyses."

The frequency rating for the value and significance of the "What Works" document
is illustrated in Figure 4.
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Table 5
I rjining Eadujlor, General Comments for Other Future Research

Summartc, tor all Three fraining Groups [Phase-I Ealua~ion}

\ hat \ orkk," Number of e' aluators grouped comments on hsting

oihcr potcitia: future research summaries (question 61

"Irainer t per

EBaluators grouped comments E S 1

1011 AV materials. CNET support. IT school. nem schoolhouses, tech asailabilti, 5 1 1
(1021 External appraisal instructor evaluation, prerequisite position training 3

[I3] Examples. more info. extensie references. U S Dept ED 1986 2 1
(0J1 ASVAB research. research on specifics. specific info 1 2
[051 Training aids. lecture. practice examples. instructor index 1.2.3 1 2
[0t61 Research on specific rating skills, latest research I I
lo-i Spacing instruction. keeping standards consistent 1
I(ts I Latest automated rechnoloe'%. controlled research feedback technolos 2
[tsJ Sur' c\ ot schools, research on application, impact stud\ skills I I I
(lt0 More fleet update after graduation. feedback from fleet 2
1111 Attrition anal sis. history, demographics I I
1121 Case studies, case stud% de'tationstime I I
1131 Research oin retention. retest. skill retention, retention termination 1 3 3
1141 Include in IT basic I
1151 Multiple choice tests, tests. analyze. evaluate 1 1
1161 References from AEG. NPRDC. ACR follo's-up critiques I I
[l'- Conference summaries specific problems I
[1JS CBI %ersus NON-CBI job performance I
1191 Librarx. tech manuals, in rate pubs I

_(I I Design lab sessions I

-E Trainine executives (nt = 40[
"S= Educational specialists (it = 37).
"I - Trainine instructors (it = 39)

2 0

C

I-t-

S2 3 4 5

ExcetLent ------------------- Poor

(n=23)

Figure 4. Frequency rating for value or significance of 'What Works" [phase-2 evaluationl.
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Table 6
Summar, of Perceniauc. of. Questionnaire for Phase-2 Evaluation t( -%. hat Vkork'.

Findines of the Second evaluation questionnaire of "'What Works'
percentage that agree (yes) vs disagree (no)

Sur',e\ questions lphase-2 evaluation] % Yes % No N

I Did .ou receive the NPRDC "What Works"? 91% 09'%0 23
(2? Ha'i Nou received other research summaries similar to What Work," 17% 83Y 23

Did .ou L-- What Works' 74%0 261o 21

?5 Did vou have an% problems in using What Works? 05% 95%. 21t
(7ý In What Works document. would ihe use of examples be helpful? 91% 09%0 22
(8) Would directions on using What Works be helpful? 36% 640o 22
(10a) Do you have an% personal experiences (examples. procedures etc.) 18% 82% 22

tha, could be included or added to the document of What Works"'
1 ON Could \,e use .our examples) in a future What Works? 80% 20% 5

1) Are there additional topics that you feel should be added to What Works" 53% 47° 19

13? H,.v or where do \ou think an updated version of What Works 100% 00% 13
should be published"

(14? Would an electronic or on-line message system be useful in conjunction 55% 45% 20
wi.,th What Works.'

15ý) Would haing a help line or a specific contact person for assistance 70% 30% 20
be useful'

16) Would a hypertext or similar softwmare program be useful for locating 71% 29% 17
research and disseminating the What Works conclusions?

N = Number of subjects ansering the question (possible n = 23).

As shown. 18 training users rated the significance of the document as very good
to excellent. Various comments were provided by the training professionals including
statements such as "excellent piece of work and extremely helpful.- "assisted us in
developing curriculums for the real world.' "nice dissemination of applied research
and examples to complement the theoretical research," "useful tool and nice
cross-referencing with theoretical and applied research," and "most comprehensive
review I have seen yet.

A very low percentage was reported for having any difficulty or problems in using
"What Works." The strength of the organization of the "What Works" document is
illustrated in Figure 5.

Twenty-one training users rated the organization of "What Works" as very good
to excellent. One user commented that the "What Works" document was a "great
dissemination of works and well organized considering the board area of training and
learning material that it included."

The frequency ratings concerning the writing style, readability and clarity of the "What
Works" document is illustrated in Figure 6.

Nineteen training professionals rated the writing style and readability of the document
as very good to excellent. One training professional user wrote "the writing style of the
"What Works" document was refreshing as it avoided the use of technical and nonsense
jargon."

All of the evaluators unanimously (100%) stated that publishing an updated version
of "What Works" at least every two years would be beneficial. In updating the
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Figure 5. Frequenc% rating for organization ot "What Works" lphase-2 evaluation]
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Figure 6 Frequenc% rating for writing styleireadabilit\ clarity of "What Works" [phase-2 evaluation].

document new references and resources could be added as well as keeping training
professionals appraised with new research, trends, and solutions in the training field,
especially considering applied training research. Furthermore, additional topics or
expanding current topics that potentially could be incorporated into future "What
Works" documents were provided by the training user evaluators. Some of the topics
elicited include: (I) Team training and evaluation. (2) new research on instructional
technologies. (3) evaluation of training and cost/benefit analyses, (4) techniques for
developing and validating test materials. (5) approaches for effective transfer of
training. (6) 1 or 2 detailed case studies of how to, and cross referencing to the

appropriate material in -What Works,- and (7) bibliography of meta-analyses and

literature reviews.
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Oue,,tIon. N hich focused on the future application and use of "What Works" indicated
soomc interesting percentages (i.e.. questions 14. 15. 16). One result was the issue of
pro\ ii,-" an on-line message system. A corresponding 55% response rate was reported
b\, all types of training professional. Furthermore, 70% of the respondents indicated
that they w-ould like to have a specific contact person for assistance concerning the
application and use of the findings presented in the "What Works" document. Some of
the comments provided by the training evaluators and users concerning the necessity of
having a point of contact were: (1) -Would be helpful as an additional resource/assistance
to the document." (2) "'establish a continuous contact could be helpful to facilitate the
development and need for additional topics," (3) "helpful as it would assist us since we
don't have the experience and resources", and (4) -a e-mail system could possibly extend
the access to the "What Works" document and possibly provide for on-line help."

Regarding the presentation format of "What Works," over 70% of the trainer users
reported that developing a hypertext system for "What Works" would be useful as
cross-indexing and 1ord searching would be more efficient. effective, and helpful.
Additional comments provided by the training professionals were that they would
like to have a hypertext format as it would allow for the ability to cross-reference
and index. However, one limitation to this presentation format was noted by several
training users involving the availability and cost of computer systems which could be
prohibited in some situations. Also. many users commented that with the hard copy
document they had the ability to pass it around to other colleagues and could study it
for a longer period of time.

Two general comments that were provided by the training users in the open ended
comment section regarding the "What Works" document were: (I) "The document was
a fine contribution to the education and training field." and (2) "1 found the document
such a valuable reference and resource that I have ordered 25 more copies."

Discussion and Concluding Remarks

This two phase evaluation process has been successful in gaining information from
the end-user who is the training professional in this case. Using questionnaires to
survey the end-users has provided the developers of the "What Works" document
with valuable information and feedback regarding the usefulness, value, organization.
and relevant topic selections of the document. With this type of formative evaluation
process. further development and enhancement of the "What Works" was accomplished
and its effectiveness was further measured by the phase II evaluation questionnaire.
Moreover, using quantitative and qualitative measures in assessing the effectiveness of
the "What Works" document provided multiple data points and a type of cross content
validation.

It does appear that the "What Works" document is useful as well as being a significant
body of work that is valued by a varied training population. Many training professionals
reported a high satisfaction with the value of the document and its usefulness in planning.
designing. and developing instructional curriculum in diverse learning environments.
Furthermore. the organization and writing style was well received and rated high by

a significant portion of the training users. Even though there was a high percentage of
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reported familiaritv with the material presented in the document. many users further
clarified that the document contained new references. resources. and linkages between
theoretical and applied research in the instructional and training settings.

Future presentation formats and topics were explored and it appears that man\
training users would like to see a hypertext format as it would provide them with the
capability to cross-reference and index instructional and training topics. Also. having
the capability to access via e-mail could provide the training professional with needed
assistance and potential reference sources in developing and evaluating their training
curriculums. Providing an updated "What Works" document every two years was noted
by many training users. This would allow for incorporating new training strategies and
research findings, especially in the area of new training technologies. Additional topics
could also be added and incorporated and integrated into the overall organization of
the topic indexes. Providing new and relevant case studies, possibly from some of the
end-users themselves, with cross-referencing to the summaries and index in the "What
Works" document was reported frequently by the training professionals.

This two phase evaluation process provided the "What Works" developers with the
necessary information in order to further enhance and expand the documen, as well as
demonstrating the measured value and significance of the "What Works" document.
As indicated by the end-users. the training professional. this document is a worthwhile.
valuable resource summary of educational research in the planning. designing, and
developing of instructional and training curriculums for the adult learner.
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